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Abstract 
Generation of Digital Elevation Models (DEMs) from satellite stereo data and 
analysis of DEMs is an important field of research since last few decades, which have 
been started with the launch of civilian remote sensing satellite. Digital Elevation 
Models (DEMs), a type of raster GIS layer represents the world as a regular 
arrangement of locations. Each cell of a DEM is raster data and has a value 
corresponding to the elevation of its geographic location. DEMs can be generated 
from various data and the accuracy which determines their utility in different fields. 
The area selected for the present study is Sitla Rao watershed of Asan River which 
falls in the active tectonic zone of Himalaya foothill. Various terrain attributes such as 
elevation, slope and aspect have been derived from the digital elevation models. The 
area exhibits typical Himalayan topography i.e. rugged mountain terrain with deep 
narrow valleys, high peaks and ridges along with erosional surfaces, river terraces, 
hill side slope, upper piedmont, middle piedmont and lower piedmont.Dehradun is an 
intermontane longitudinal tectonic synclinal basin bounded by Main Boundary Thrust 
(MBT) in the north, NE-SW trending Ganga tear fault demarcates its eastern 
boundary while N-S oriented Yamuna tear fault, limits its extension in the west and 
the southern boundary, demarcated by Himalayan Frontal Thrust (HFT).The Ganga 
River flows along the Ganga Tear Fault and demarcates the eastern boundary of the 
study area while Yamuna River limits its extension in the west. From a point about 
midway between these two rivers, runs a ridge which forms the water divide of the 
valley. To the west of this ridge water collects to form the Asan River, a tributary of 
the Yamuna River, which intum forms Sitla Rao.The area is included in the Survey of 
India toposheet number 53F/15 with geographical dimensions of the watershed 
extends from 30° 24' 00" to 30° 30' 00" north latitudes and 77° 45'00"to 77° 57' 
OC'east longitude, occupies an area of 183km . 
Geomorphologically, Doon valley exhibits variety of terrain features. 
Prominent relief features are found in the northwestern and northeastern part in the 
form of Mussoorie hills. The elevation of these hills ranges from 900- 2200m and 
exhibits rough and rugged terrain with sharp to rounded ridges. These hills are the site 
of active lineament and steep slope, ranging from 25° to 38°, mainly composed of 
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quartzite, carbonate and shale. Siwalik Hills found in the form of cuesta and hogback 
at about 800-900 m elevation in the southwestern and southeastern part of the valley 
and mainly composed of sandstone, shale and conglomerate. Within the Doon valley 
post Siwalik Formations are exposed in the form of reminant hills in small patches. 
These hills rise hundreds of meters above the adjoining flat terrain and are made up of 
unconsolidated boulders and gravel, exhibiting radial drainage pattern. Piedmont zone 
of Doon valley found along the northern slope, extends over entire length. This zone 
is composed of rounded to well rounded boulder and pebble with fine sandy and silty 
matrix. The Pre-Tertiary rocks of Himalayan Fan terraces of the Doon valley are 
found resting on the piedmont zone. These terraces are uplifted near MBT due to 
tectonic movement along the fault zone. These terraces at places are cut by major 
rivers like Sitla Rao, Koti Nadi, Moti Nadi and Gauna Nadi and seasonal streams in 
the study area. 
Since the region is tectonically active, geology and geomorphology plays an 
important role in the development of landuse/landcover pattern and urban planning of 
the study area. The basic landscape formation depends mainly on the inherent 
lithology and structure which directly affects the development of certain 
landuse/landcover and inhibits other. The valley fill of doon gravel is extensively 
cultivated and occupied by the settlement. Due to favorable elevation, slope and 
climatic condition, western part of the study area occupied mainly by moderately 
dense to dense Sal forest. 
The supervised digital classification of ASTER image for various 
landuse/landcover categories, shows that doon fan gravel geomorphologically 
represented by sub-recent fan terrace, river terrace and piedmont dissected slope. The 
doon fan gravel terraces completely occupied by the living population and extensively 
used for cultivation. The lower piedmont characterized by gentle slope, consisting of 
gravels and sand covered by rich alluvial soils making suitable for ample agriculture. 
Doon Valley is predominantly covered by doon fans which have long slopes having 
urban and agriculture land use. The landuse categories include agriculture and 
settlement, whereas second level classification shows fallow land, plantation and 
standing crop in this region. The doon fans have patches of forest indicating the 
original ecological conditions, modified by human settlements. 
Moderately dissected hill and some part of doon fan gravel terrace which 
represent doon gravel belongs to Middle and Upper Siwalik covered by thick 
vegetation. Second level classification shows that the region is occupied by dense and 
moderately dense forest. The slightly higher level and rugged terrain of Lesser 
Himalaya, delineated by MBT, representing moderately dissected structural hills are 
either rocky land or covered by dense forest. Unlike Siwalik Hills, Lesser Himalayan 
dissected hill have steeper slope and high relief, characterized by rocky barren land 
and no class of landuse is observed in these hills due to its location and 
inaccessibility, exhibit control of geology over geomorphology and intum over 
landuse/landcover of the area. 
Morphometric analysis has been carried out using toposheet and ASTER 
image to asses the differences in these data sets. The morphometric parameters 
discussed with respect to linear aspects, areal aspects and relief aspects of the 
drainage network in order to understand the changes in the surface and sub-surface 
condition of the study area. Drainage network of the micro-watersheds show that the 
drainage pattern tends to be structurally controlled by bed rock geology which is also 
inferred from slightly high bifurcation ratio. Variation in stream length as obtain from 
toposheet for Rudarpur micro-watershed may be due to streams from high altitude, 
change in rock type, moderately steep slope and probable uplift across the micro-
watershed. The variable elongation ratio of Abdullahpur micro-watershed indicates 
variation in topographic elevation and slope and also youthful stage of geomorphic 
development. Elongation ratio and circularity ratio suggests all the micro-watersheds 
are of elongated shape which indicates low runoff and relatively flat peak of flow. 
The circularity ratio of Dobri micro-watershed indicates that the area is characterized 
by high to moderate relief and structurally controlled drainage pattern. Drainage 
density, stream frequency and infiltration number suggest massive and resistant bed 
rocks in Dobri micro-watershed. The higher values of drainage density obtained from 
ASTER data suggest increase in dissection over time which may be due to 
anthropogenic activities. The relief ratio and ruggedness number suggest high relief 
and steep slope in Dobri micro-watershed. The higher values of relief ratio and 
ruggedness number obtained from ASTER data are comparable with toposheet, 
indicates geological disturbances in the study area with time. 
The comparative study of the minimum, maximum and mean elevation, rehef, 
slope, aspect and standard deviation of various geomorphological units and micro-
watersheds of Sitla Rao watershed is carried out using ASTER-DEM, SRTM-DEM 
and DEM derived from toposheet. The present study is aimed to assess how these 
terrain parameters of various geomorphological units and micro-watersheds in the 
study area vary in relation to various DEMs of different resolutions. Statistical 
analysis of various DEMs show that minimum elevation value is found to be least 
from ASTER (DEM-1) and highest from SRTM (DEM-2) except for Dobri micro-
watershed where TOPO (DEM-3) show highest values for minimum elevation. 
However there is slight variation in the mean elevation values obtain from different 
DEMs. The variation in maximum elevation is very pronounced in Dobri micro-
watershed in different DEMs. The least value for maximum elevation is obtained 
from TOPO DEM-3. Further analysis of mean elevation shows that the maximum 
values obtain from SRTM DEM-2 while TOPO DEM-3 gives the least value. The 
maximum elevation value is also encountered in Dobri micro-watershed from all the 
DEMs, in all the micro-watershed. Relief of Dobri micro-watershed is also highest in 
all the micro-watersheds. Maximum relief value obtained from ASTER-DEM-1 and 
least from TOPO-DEM-3. 
The highest value of mean slope for all micro-watershed is obtain from 
ASTER DEM-1 and the least value from TOPO DEM-3 although SRTM DEM-2 give 
slightly higher value from TOPO DEM-3. However, reverse is observed for mean 
aspect value, as ASTER DEM-1 gives the least value and TOPO DEM-3 gives the 
highest mean aspect value in all the micro-watershed except Chhorba micro-
watershed where SRTM DEM-2 gives the highest value. Maximum elevation, mean 
elevation, relief and mean slope values for TOPO-DEM-3 are found least for all the 
micro-watersheds while ASTER-DEM-1 gives the highest value for these attributes. 
However minimum elevation and mean aspect values are least as obtained from 
ASTER-DEM-1 but variable for TOPO-DEM-3 and SRTM-DEM-2. 
The variation in minimum and mean elevation among the various DEMs is 
more pronounced in the highland areas as compared to the lowland areas. An analysis 
of the maximum elevation of all the geomorphological units, DEM-1 shows 
comparatively higher elevation values for doon fan gravel dissected hill, doon fan 
«ltiiii»« 
gravel terrace, moderately and dissected hill as compared to DEM-2 and DEM-3 
while for piedmont dissected slope, river terrace and sub recent fan terrace the DEM-1 
values are low, however DEM-1, DEM-2 and DEM-3 show almost same values. 
Moreover, the relief difference among the studied DEMs is more obvious in all the 
geomorphological units since the study area falls in the hilly terrain of Himalayan 
foothill. The analysis of the slope statistics reveals that mean slope of the DEM-1 
shows the highest value of mean slope in all geomorphological units as compare to 
DEM-2 and DEM-3. The analysis of the aspect statistics reveals that DEM-1 show 
low mean aspect value in all the geomorphological units as compare to DEM-2 and 
DEM-3. Furthermore, DEM-2 and DEM-3 show lesser difference in the aspect 
direction. The study clearly demonstrate that DEM resolution has a great influence on 
terrain attributes and statistical values become larger when DEM resolution changes 
from coarse to fine. 
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CHAPTER - 1 
Introduction 
Introduction 
1.1, General Statement 
Digital elevation models are digital elevation data set, recording the topographic 
surface expression of any area are useful for a wide range of fields. In addition to the 
utility of the raw elevation data, derived data like slope, aspect, and computed 
reflectance greatly enhance the value of DEMs. The DEMs exist over a wide range of 
spatial scales, viz small scale for global coverage and large scale for local coverage. 
They can be used as background display for other data, manipulated for three 
dimensional effects and for computations etc. For most of the applications in 
scientific, commercial and operational domains, digital elevation model (DEM) is an 
important integral part and play a significant role in the improvement of analysis 
result, product, development and decision making etc. In remote sensing DEMs are 
used together with GIS to correct images or retrieve thematic information with 
respect to sensor geometry and local relief to produce geocoded product. 
Digital elevation models (DEMs) widely used in geology, geomorphology, 
hydrology, soil erosion, topographical information, terrain modelling applications: 
distributed hydrological modelling, erosion and deposition modelling, predictive soil 
mapping, landuse and landcover change detection models, hillslope stability and 
flood forecasting. 
Sitla Rao watershed situated in the western part of Dehradun, Lesser 
Himalayas appears to have a variety of landform. The Ganga River demarcates the 
eastern boundary of the study area while Yamuna River limits its extension in the 
west. Sitla Rao is a tributary of Asan River which is in turn tributary of river Yamuna. 
Different thematic layers are generated from satellite data and from available 
published information, whereas geology of the study area extracted from the image 
by analyzing its basic elements-tone, texture, pattern, size, shape, shadow and 
association etc. These elements reflect surface expressions that include morphology, 
soil moisture, vegetation cover and drainage pattern within the area. In turn, these 
expressions are influenced by their original primary factors like rock type, structure, 
process, and time. DEMs have been used not only for geological but also for 
geomorphological/landforms and drainage morphometry of the Sitia Rao watershed. 
The major lithounits, geomorphic units, structure, landuse/landcover and drainage 
characteristics are highlighted and analyzed. 
1.2, Location and Accessibility 
Dehradun district is situated in the north western comer of the state of Uttrakhand and 
lies between the parallel of 29° 58' 00" and 31° 02' 30" north latitudes and 77° 34' 
45"and 78° 18' 30" east longitude, covering an area of 3088 km^ with an altitude of 
640 metres (2100 feet) above mean sea level. The district is bounded in the north-
west by the district of Uttarkashi, in the east by the district of Tehri Garhwal and 
Pauri Garhwal, in the south by the district of Saharanpur (U.P) and its southern tip 
touches the boundary of district Haridwar, its western boundary joins Sirmur (Nahan) 
district of Himachal Pradesh. The study area (Fig.l) Sitla Rao is included in the 
Survey of India toposheet number 53F/15 and its geographical dimensions extends 
from 30° 24' 00" to 30° 30' 00" north latitudes and 77° 45' 00"to 77° 57' 00"east 
longitude, occupies an area of 183 km .^ 
Dehradun district comprises six community development blocks consisting of 
764 villages. These blocks are Chakrata, Kolsi, Vikasnagar, Sahaspur, Raipur and 
Doiwala having 153, 204, 61, 120, 129 and 76 villages respectively. The district is 
well connected to all major cities in northern India by rail, road network and air ways. 
The nearest airport is "Jolly Grant", located 24 km away from the city. Moreover, the 
city of Dehradun is located just 235 km from the Indian Capital (Delhi) and is very 
near to another hill station named Mussoorie. 
1.3. Topography 
Topographically Dehradun is divided into two distinct tracks namely the montane 
tract and the sub-montane track. The montane tract consists entirely of a succession of 
mountains and gorges. The mountains are very rough with steep slopes. The most 
important feature of the track is the ridge which separates the drainage area of town 
on the west from that of Yamuna on the east. Below the montane tract, the sub-
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montane tract is the famous Doon Valley, bounded by Siwalik Hills in the south and 
outer scarp of the Himalayas in the north. 
Flat-topped hills are rather rare in the area. The quartzites and limestones form 
mainly sharp ridges, whereas slates and schists form smooth, rounded slopes. The 
softer rocks like slate show an increasing slope at the top, a relatively straight to 
concave upward midslope and a decreasing slope at the base. The quartzites and other 
competent rocks like gneiss show rather steep slope, whereas limestone forms scarp 
slope in some parts of Dehradun district. The area exhibits typical Himalayan 
topography i.e. rugged mountain terrain with deep narrow valleys, high peaks and 
ridges along with erosional surfaces, river terraces, hill side slope, upper piedmont, 
middle piedmont and lower piedmont. 
The study area is characterized by an oval shaped synclinal and asymmetrical 
intermontane valley, bounded in the north by Lesser Himalayan range and in the 
south by Siwalik. The valley is occupied by Asan River which flow towards north-
west and join Yamuna River. All the physiographic units are extended NW-SE to 
ENE- WSW direction and covering about 183 km^area of the total area of 3088 km^ 
of Dehradun district, Uttrakhand. 
1.4. Relief 
Dehradun district is situated in a synclinal intermontane valley piggyback basin 
within the Siwalik Group of rocks in the NW Himalayas, separated from the Lesser 
Himalayan Formations in the north by a major intraplate thrust, the MBT and from 
Indo-Gangetic Plains in the south by HFT. Mean sea level of the hilltop ranges from 
1500 to 2700 meters and in the valley from 500 to 1200 meters. The Himalayan 
ranges vary in height from about 300 meter to more than 2,500 meters above the 
mean sea level. Further, one peak attaining an elevation of 2,600 meter and the 
highest point in the Siwalik range is 925 meter above the mean sea level. 
The region comprises three major river basins namely, Yamuna, Bhagirathi 
and Alakhnanda, which is largest among other basins formed by the convergence of 
rivers and Ramganga-Kosi is the third basin in Lesser Himalaya,where relief is highly 
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variable and ranges from 1000 to 4610 meters and more in weathered and erodible 
states, usually occupy low relief area. However, dolomite limestone and quartzite 
being harder and compact form area of high relief. Relief of the study area is varying 
from 400 to 2200 meters above mean sea level. The area constitutes a chain of hill in 
the upper part, extensive piedmonts and river valleys in the middle and lower parts of 
the Sitla Rao watershed. The slope of the terrain varies from moderate (<15%) in the 
downstream part to steep (>45%) in the upper part. 
1.5. Climate 
The climate of the district is generally temperate and varies greatly from tropical to 
severe cold depending upon the altitude of the area and temperature variations due to 
considerable differences in elevation. In hilly regions, summer is pleasant but heat is 
often intense, although not to such degree as in the plains of the adjoining district. 
Three seasons experienced in the area include, cold winter season (Oct-Feb), 
hot or summer season (March-June) and wet monsoon season (July-Sep). There is 
also occasional winter shower during late December and early January. During 
summer average temperature ranges between 16° and 34°C, while in winter it varies 
from 5°C to 24°C. In the month of January minimum temperature sometimes falls 
down to about one degree below freezing point not only at high altitude but also at 
places in Dehradun when higher peaks experience snow falls. 
The area receives an average annual rainfall of 2073.3 mm. with relative 
humidity in monsoon season exceeds to 70% on an average. Most of the annual 
rainfall in the district is received during the month from June to September while July 
and August being the most showery. The mean monthly temperature in the middle 
part of the watershed ranges from 16° C in winter, 34°C in summer while annual 
temperature is ranges from 9.7°C to 38.4°C. The annual rainfall depends on the 
elevation but varies approximately 1600-2200mm. Most of the rain (~1000mm) falls 
during the monsoon season (June to August). 
1.6. Drainage 
The holy Ganga and Yamuna originate in Upper Himalayan region from Gangotri and 
Yamunotri, forming a vast Indo-Gangetic fertile plain. Ganga enters in the east of 
Dehradun district at Tapoban and meander south-west to Haridwar via Raiwala near 
Rishikesh, while Yamuna enters the district in Jaunsar and flows southwards for 
about 32 kms on the south-east border of Dehradun district. From a point about 
midway between these two rivers, runs a ridge which forms the watershed of the 
valley. To the west of this ridge the water collects and forms the Asan River, a 
tributary of the Yamuna, which inturn forms Sitla Rao, has been selected for the 
present study. To the east the Suswa receives the drainage and flows into the Ganges. 
Besides these the other rivers flow in the district are Tons, Rispana, Bindal and 
Amalara. To the east, the valley is characterized by swamps and forests but to the 
west the natural depressions freely carry off the surface drainage. Along the central 
ridge water-level lies at a great depth but rises gradually towards the great rivers. 
Springs are the potential source of fresh water in the valley. 
The study area is occupied by the Asan River which flow towards north-west 
and joins the Yamuna River, occupies central part of the valley. The major drainage 
pattern in the area is parallel to sub-parallel, sub-dendritic, trellis, angular, 
rectangular, intermittent and braided. 
1.7. Vegetation 
The natural vegetations in the valley include north Indian tropical moist deciduous, 
tropical fresh water swamps, tropical dry deciduous, sub-tropical forest and 
Himalayan moist temperate forest. The southern slope has scanty vegetation whereas 
northern slopes are better wooded. The dip slope of Siwalik range mainly consists of 
Sal forests, while crest have some pine trees. 
The two harvest seasons in the district are Kharif and Rabi. The kharif crops 
are sown in the month of June or little earlier in the hilly region due to difference in 
temperatures which reaps in September and October while rabi crops sown in 
november and reaps in march in the plains and in april and may in the hilly terrain. 
Paddy is one of the most important kharif food crop in the district. The district is 
famous for its basmati rice although many kind of rice are sown in the district. The 
other important kharif crop includes maize, mandus, jhangora, sonk, urd, kulath, tor 
(arhar) and sugarcane. Wheat is principal rabi crop and is sown in almost all part of 
the district, while barley and mustard are the important rabi crops. 
The important fruits grown are mango, guava, strawberry, pear, lemon and 
litchi. Among vegetables, potato is the most important crop. In the study area the 
main cropping seasons are Kharif (June to September) and Rabi (December to 
March). Mostly, paddy rice and maize are grown in the kharif season, whereas wheat 
is cultivated during rabi season. Erosion is a major problem for farmers, especially on 
the stepper slopes. Most farmers practice terrace farming for paddy rice to reduce the 
erosion risk. Very few soil and water conservation measures are used for other crops. 
1.8. Soil 
The sub-montane soil of the region is generally sandy loam to silty clay loam and at 
places sandy, characterized by variable texture and depth varies from very shallow (0-
8 cm) to deep (4.'5-90 cm). The soil is generally brown to grayish brown and dark grey 
in color and characterized by high content of organic matter with coarse texture and 
can be seen all along the steep slope, river bank and low elevated areas. The soil of 
the valley and well managed terraces are generally irrigated and also have good 
amount of nutrient content. 
The fertile soil on hilltops of Dehradun having thick forest, moderately deep, 
well drained, brown to dark brown in color, gravelly sandy loam to loam, slightly 
acidic to neutral and do not have good nutrient retention capacity (Typical 
Udorthents). Soils along the Yamuna tract pmainly formed by the parent materials 
like limestone and dolomite belongs to the Krol Group are shallow, excessively 
drained by seasonal streams, yellowish brown in color, sandy loam, calcareous and 
have low nutrient retention capacity (Lithic Udorthents). Soils in the Ramganga tract 
are of Recent age and have developed from the fluvial materials brought by the rivers. 
These are deep excessively drained, yellowish brown, sandy loam to over loamy sand 
to over loamy sand developed on alluvium (Typic Udifluvents). 
The mountainous soils in the study area are classified as: 
• Bhabhar soil 
• Tarai soil 
• Tea soils 
1.8.1. Bhabhar Soil 
Bhabhar soil occurs in a narrow belt all along the foothill region and spurs of the 
Himalayas throughout east-west expanse in the district of Dehradun. The soil is dark 
gray to black in color, moderately alkaline in reaction and underlain by large or small 
sized pebbles and coarse grained detritus. The thickness of the solum layer increases 
with distance from base of the mountain to the underlying pebble bed. The solum 
layer varies in the texture from coarse gradually to fine silty. They are rich in plant 
nutrient but fail to support normal cultivation volume of mountainous underground 
water because of excessive drainage or rapid percolation. These soils are dry and 
generally have high percentage of organic matter. 
1.8.2. Tarai Soil 
The areas at the foot of the mountain encompass the Tarai region and have been 
formed by the deposition of parent material from erosion of hills. The soil is generally 
sandy/silty loam with moderate clay and high humus content, having very rich 
vegetation. In the areas where drainage is good, these soils form very fertile land for 
various cash crops particularly sugarcane. However, water stagnates in much of the 
low-lying areas, where drainage is poor and characterized by marshy grasses. The 
land is undulating and the soil is silty loam to loam. 
1.8.3. Tea soil 
Tea soil is found on the slopes of the hills of Dehradun district. The soil is acidic and 
contains more than 2% of organic matter making them very suitable for plantations of 
tea. Drainage is good, owing to their location in the study area where tea plantation is 
one of the land use practice. 
1.9. Previous Work 
The study area lies in the foothills of Himalaya and exhibit variety of geological and 
geomorphological features which has attracted the attention of earth scientists since 
past. The geological process that has shaped this valley is very much active even 
today. Hence a geological and geomorpholog'wa] study of the area can lead to a better 
understanding of different earth processes. From a scientific perspective, mountain 
research of high-magnitude processes, spatial and temporal scale dependencies, 
internal and external forcings, renders the opportunity in order to understand the 
complex system of mountain geodynamics. Systematic geological survey of the Doon 
Valley was first carried out by Medlicott, (1864) followed by Auden, (1937). The 
tectonics, geomorphology and structure of the entire Dehradun valley or as part of 
regional studies have been carried out by Nossin, (1971), Nakata, (1972), Rao, (1977 
and 1978), Raiverman, etal., (1983), Rajal, et al. (1986), Yeats, etal., (1992), Philip, 
(1996), Rautela and Sati, (1996), Mishra and Mukhopadhyay, (2002), Thakur and 
Pandey, (2004), Singh, et al. (2004). Rupke, (1974) divided the area into three 
regions such as Lesser Himalaya, the Siwalik Range and the Synclinal Basin. Rupke, 
(1974) carried out geological study in Doon valley using aerial photographs and 
delineated Middle Siwalik, Upper Siwalik Formations and younger alluvium in 
Damta and Chandpur area. Chandel and Asthana, (1990) attempted the evaluation of 
Remote Sensing Technique for geological studies in eastern part of Doon valley. 
Since Himalaya is still rising and exhibit unstable tectonics, which makes the 
study of Himalayan geology interesting and necessarily important. Gansser, (1964) 
broadly divided Himalaya into three major tectonic zones, bounded laterally by 
extensive north dipping faults namely Main Central Thrust (MCT), Main Boundary 
Thrust (MET) and Himalayan Frontal Thrust (HFT) from north to south and attributes 
the evolution of these prominent thrust planes to collision. Gansser, (1964) in his 
book Geology of the Himalayas mentioned that the Main Boundary Thrust (MBT) 
and the Main Frontal Thrust (MFT) are the major tectonic features which have been 
long recognized as key element of Cenozoic shortening along the entire length of the 
Himalayas. According to Bilham, et. al, (1997) and Larson, et al, (1999), the Lesser 
Himalaya temporarily precludes foreland shortening and great earthquakes are 
expected in order to compensate the lack of rupture particularly in the south of MBT. 
The structural framework of Siwalik Range between Yamuna and Ganga is 
dominated by an interesting combination of thrust and wrench faults. These faults, 
fractures and lineaments have been studied in detail by Rao, et al, (1974 and 1977), 
Nakata, (1989), Thakur, (1995) and Singh, etal, (2004). Raiverman, et al, (1983 and 
1990), Valdiya, (1976) and Karunakaran and Rao, (1979) described that the eastern 
block of the Doon Valley is controlled by the north-south Ganga Tear Fault and the 
western block by the Yamuna Tear fault. The geological and magnetostratigraphic 
studies were carried out by Rao, et al, (1988) and suggested that the age of Doon 
gravel as recent alluvium, boulder conglomerate of the Upper Siwalik of 0.22 Ma and 
overlying Doon gravels were considered as younger than 0.22 Ma. 
Geomorphological details of Dehradun area have been given by earlier 
workers like Nakata (1972), Nossin, (1971), Rao, (1977), Thakur, (1995) and Singh, 
et al, (2001). Nossin, (1971) prepared a geomorphological map of Doon valley and 
classified the area into two broad categories i.e. Principal Doon Fan and Lower realm 
of Principal Fan on the basis of slope and underlying materials. Nakata, (1972) 
identified four levels of geomorphic surfaces in the north-south section across central 
part of Dehradun between Rajpur and Golwari hills as Hill Top surface, Upper Doon 
surface. Middle Doon surface and Lower Doon surface. Chandel, (1992 and 1997) 
discussed various geomorphic aspects of Doon valley. Tiwari, et al, (1995) broadly 
divided the valley into three different slopes viz; NE slope of the Siwalik, Doon 
valley proper and SW slope of Outer Himalaya. 
Philip, et al, (1999) discussed the dislocation of various landforms and 
creation of numerous morphotectonic features in the Doon valley such as triangular 
facets, sag ponds, pressure ridges and controlled drainage has been attributed to 
repeated reactivation of these faults during the Late Tertiary and Quaternary period. 
Studies related to different active faults along with associated geomorphological 
10 
features were carried out by Nossin, (1971), Rao, (1977 and 1978) Kamphorst, 
(1969), Jalote, (1966), Thakur, (1995) and Rautela and Sati, (1996). 
The valley is cut by a large number of short shallow, seasonal and braided 
streams running down from the north as well as south bounding hill ranges. These 
streams collect sediments from the upper reaches of Himalayas and deposit them in 
the valley. Singh, et ai, (2001) in his work, defined topographic limit and major part 
of the valley area occupied by the deposition of three fans namely Donga, Dehradun 
and Bhogpur from west to east. These fans are developed by the material persuaded 
by the streams fiowing from the Lesser Himalaya and preserve imprints of the 
activity of the Main Boundary Thrust (MBT).The sedimentation model presented for 
the Donga and Dehradun fans during the period 50-23 ka (Donga fan) 10 ka 
(Dehradun fan) is similar to that of debris-flow dominated fans by Stanistreet and 
McCarthy, (1993) and Blair and McPherson, (1994). The pedofacies model is similar 
to that of non-entrenched fans given by McCraw (1968), Wright and Zarza, (1990) 
and Zarza, et ai, (1992). The Doon gravels in the area are probably younger than 50 
ka, although antecedently the Doon gravels were given a maximum age of 0.2 Ma by 
Rao, et al, (1988). The deposition of Doon gravels was synergetic as given by 
Mugnier,e/a/., (1998). 
The development of the microcomputer and the onset of the digital era 
supplied the mechanism and data to allow coupling. Computers and suites of software 
provides an efficient and rapid way of storing and analyzing existing datasets and 
digitizing technology, enabled spatial datasets in paper form to become digital 
resources. Terrain has a major impact on the geomorphological, hydrological and 
biological processes occurring and modifying the landscape. Longley, (1999) in his 
book on GIS mentioned the importance of the nature of terrain which can helps to 
understand the geomorphological and geological processes in both subjective and 
analytical terms. Analysis of digital elevation models (DEMs) and geomorphology 
provides means of recognizing fracture and characterizing the morphotectonic of an 
area in a quantitative way. Burbank, (1992) and Brozovic, et al, (1997) used digital 
elevation models (DEMs) or vectorized contours to examine the differences in slope 
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angle within the different altitude zones of the Himalayas. Kirkbride and Matthews, 
(1997) investigated the morphometric characteristics of the Ben Ohau Range in New 
Zealand in relation to past changes in snow lines. In Japan, Suga, (1985) calculated 
the morphometric parameters of the Shikoku Mountains using 11.25"x7.5" DEMs 
and discussed their relation with geology. Ohmori, (1987) investigated the 
distribution of relief within the central Japan ranges using 1-minute DEMs and 
suggested that local relief tends to increase with increasing altitude. Similar 
altitudinal changes in local relief or slope angle have been deduced by Oguchi, 
(1988). Topographical information extracted from DEMs are applied in many terrain 
modelling applications like distributed hydrological modelling (Beven and Kirkby, 
1993; Ren and Liu,2000; Wang, et al, 2003 ), erosion deposition modelling (Fu and 
Wang, 1994; Schoorl, et al, 2000), predictive soil mapping (Zhu, et al, 1997; Xun, et 
al, 2002), and in LUCC (Land Use and Land Cover Change) models (Veldkamp and 
Fresco, 1996; Vanacker et al, 2003), hillslope stability and flood forecasting 
(Montgomery and Dietrich, 1994; Yu, et al, 1998; Guo, et al, 2002). Richard Kiss, 
(2004) used DEM for the determination of drainage network and evaluated its utility 
and limitation. 
In Indian perspective Digital Elevation Models have been used for geological 
studies in Upper Gangetic Plain by Bhosle, et al, (2009). The work on DEM for 
tectonic geomorphology has been carried out by Singh, et al, (2007) while Suganthi 
and Srinivasan, (2010) used Cartosat-I DEM in landslide study of Nilgiri Hills of 
Ooty and Pande, et al, 2011) used same data for identification of open cast mining 
area of Jharia coal field. Saran, et al, (2009) used comparative study of DEMs 
derived from SOI toposheet, SRTM and high resolution satellite stereo pairs from 
ASTER and CARTOSAT-1 to delineate hydrological response unit in Sitla Rao 
watershed of Dehradun. 
1.10. Objectives of the Present Study 
The present study is conducted in the piggy back basin of Dehradun district, lying in 
the foothill of western Himalaya. The area is taken up for the present study by 
keepirtg irt view the lack of same nature of work done in the area so far. DEM has not 
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been used by many workers in Indian perspective, however in the International 
scenario DEM as a part of DTM has been used quite often. The findings of the study 
in a tectonicaily active zone such as the study area will be helpful in understanding 
the geological and geomorphological processes operating and shaping the valley. 
The main objectives of the present work in the study area (Sitla Rao 
watershed, Dehradun district, Uttrakhand) include: 
1. To delineate geological and geomorphological feature using remotely sensed data. 
2. To generate different thematic layer in the GIS environment. 
3. To prepare data base for terrain classification. 
4. To prepare Digital Elevation Model and verification of existing and delineating 
geological, geomorphological and morphometric details. 
5. The DEMs will be used to construct a number of derivation maps of the study 
area like those of slope, gradient and to enhance drawing of geological cross-
section of any orientation etc. 
l . l l . Scope of the study 
Understanding and long-term prediction of earthquakes associated with active 
tectonics has experienced remarkable progress in recent years through the study of 
near-surface processes (geomorphology). Present study gives an insight into present 
landform and geological conditions of the area. Studies of geological units, 
geologically younger (less than 10,000 year old) and slightly older (less than 1, 
25,000 year old) landforms, slope and lineament provide basic data necessary for 
long-term earthquake prediction, seismic-hazard evaluation and probabilistic seismic-
risk assessment in Sitla Rao watershed. A large number of faults capable of producing 
damaging earthquakes have been identified with the help of morphometric properties 
of drainage basins, indicate differential uplift zones, which can be further evaluated to 
determine rates of movement and potential earthquake hazard. Alluvial rivers are 
influenced by change of valley floor slope and therefore deformation of the valley by 
active tectonic can cause pattern change, aggradations and degradation. 
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The geological and geomorphological finding appear to be extremely useful in 
long-term (tens to hundreds of years) land-use planning, a goal of which is 
earthquake-hazard reduction. Landuse/landcover analysis of the study area and 
population data indicates that the area has seen increased in population over the year. 
The present study provides critical informations, necessary for residential and 
commercial zoning near active faults; establishment of building codes, planning for 
large dams, nuclear power plants, liquified natural gas facilities and other critical 
facilities. 
DEM offers the most common method for extracting topographic information 
and enables the modelling of surface processes. DEM that cover large area give an 
overall picture of fault activity in that region. High resolution DEMs provide better 
information and DEM scale sets limit for the level in analysis detail. SRTM-DEM 
offer more precisely elevation but does not give sufficient information on faulting. 
However, ASTER-DEM generated at 30m resolution can provide required detail 
(Hirano, et al, 2003 and Toutin, 2002). DEM generated from SRTM and ASTER 
data are much accurate and recent data than DEM generated from toposheet and used 
to study geological and geomorphological details of Sitla Rao. 
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CHAPTER - II 
Geology and 
Geomorphology 
Geology and Geomorphology 
2.1. General Statement 
Geological processes that shape our earth are very important to understand the potential 
to produce adverse affects on human activities. Doon valley is an active tectonic site, 
required a complete geological data base for risk assessment and to efficiently organize 
and maintain the settlement of population. Geomorphology is considered to be a very 
important tool in conducting resource surveys. Detailed information on geomorphic units 
and their processes appear useful in evaluation and management of land resources, their 
planning and environmental activities as the geomorphic features are manifestations of 
the underlying parent materials and nature/derivatives of geomorphic processes (Panizza, 
1978; Demek, 1982 and Wright, 1993). 
The remote sensing techniques considered as most efficient tool for geological, 
structural and geomorphological mapping because of its synoptic view, multispectral and 
multitemporal capabilities. The geomorphological studies of a terrain and analysis of 
geomorphic processes, helps in discrimination of soil, identification of groundwater 
potential zones and other environmental applications (Reddy, et ah, 2001). Application of 
geomorphology to hydrogeology was explained by Thornbury, (1969). The proper 
interpretation of geomorphic features gives adequate information about lithology, 
structure and geological history of the study area as well as to decipher the groundwater 
prospects of a region. 
2.2. Regional Geology 
Dehradun is an intermontane longitudinal tectonic synclinal basin bounded by four 
prominent faults in the region (Nossin, 1971 and Nakata, 1972). In the north it is limited 
by the active zone of the Main Boundary Thrust (MBT). The Ganga River demarcates its 
eastern boundary which flow along NE-SW trending Ganga Tear Fault, while the 
Yamuna River flowing along N-S oriented Yamuna Tear Fault limit its extension in the 
west and the southern boundary, demarcated by Himalayan Frontal Thrust (HFT). In the 
north MBT brings Krol Group of rocks over the Siwaliks. Himalayan Frontal Fault (HFF) 
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in south separates the SiwaHks from the Gangetic plains (Nakata, 1989). These thrust 
plains have subdivided the Himalaya from north to south into the following five major 
lithotectonic zones (Gansser, 1964): 
1) Trans Himalaya including the Indus Suture Zone 
2) Tethys or Tibetan Himalaya 
3) Higher Himalaya 
4) Lesser Himalaya 
5) Outer/ Sub-Himalaya or Siwaliks 
Doon valley lies along the NW-SE regional Himalayan strike in Garhwal Sub-
Himalaya (Thakur, 1992). Geographically the Garhwal Himalaya forms central part of 
Himalayan orogenic belt. The valley depression (Sitia Rao) is filled with alluvium 
(Fig.2.I) in the form of large alluvial fans that descent from the Lesser Himalaya (Nossin, 
1971). The Lesser Himalaya is also characterized by numerous klippen and thrust sheets 
of metamorphic rocks which represent parts of crystalline nappies. 
The Tertiary rocks in the Himalayan succession are exposed in two parallel belts, 
a northern belt of Palaeogene rocks represented by NW-SE trending Simla Hills which is 
bounded in the north by Karol Thrust and in south by the MBT and the southern belt of 
Neogene rocks represented by the Siwalik Group. The Siwalik Group is characterized by 
sandstone-mudstone alteration throughout the belt in the Lower, Middle and in parts of 
Upper Siwalik. In the Plio-Pleistocene, the Siwalik sediments exposed in the Sub-
Himalaya typically became coarser upward with fan conglomerate which occurs at the 
top. The sedimentation pattern is often interpreted as evidence for the progressive rise of 
Himalaya and the recent onset of tectonism along the MBT (Gansser, 1964; Prakash, 
Sharma and Roy, 1980). The MBT is considered to be the current convergence boundary 
of India and the Asia Plate, Le Fort, 1975. Yeats and Lillie (1991) consider that the MBT 
cuts the Post-Siwalik fan gravels and is potentially active. The stratigraphic sequence of 
Doon valley compiled by Barua, (2005) is given in Table-2.1. 
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2.3. Geological Set-up 
The study area, Si tla Rao is situated in the western part of Dehradun district, Uttrakhand 
in the Lesser Himalayas. The geographical dimension extends from 30°24'00" to 
30°30'00" N latitude and 77°45'33" to 77°57'00" E longitude. The study area is bounded 
by MBT in south and consists of a number of parallel belts of unfossiliferous sediments. 
The sedimentary rocks are characterized by thickly bedded multistoried sandstone and 
mudstone/ siltstone. Stratigraphically the Lesser Himalaya consists of thick sequences 
belonging to the Early Proterozoic to Lower Paleozoic age. 
2.4. Lithostratigraphy 
The Doon valley was formed as an intermontane valley within the Siwalik Group of 
rocks in forelandward propagating fold-thrust system of Garhwal Himalaya. The 
geological studies of the Doon valley and its vicinity has been carried out by Auden, 
(1934) and Rupke, (1974) whereas Jha, (1995) mapped the geology of the area. 
Geologically the area in and around Doon valley is characterized by Lesser Himalaya; 
Siwalik Group and Doon gravels are the two main units of Doon valley illustrated in 
Fig.2.2 and discussed as: 
2.4.1. Lesser Himalaya 
The Lesser Himalayan boundaries in Kumaun are marked by the Main Central Thrust 
(MCT) (Vaikrita) in the north and the Main Boundary Thrust (MBT) in the south. 
Between these two marginal planes of separation, the Precambrian and Paleozoic 
sedimentaries and metamorphics with their associated intrusive are divisible into a 
succession of three thrust sheets of nappes-the Krol, the Ramgarh and the Almora 
Groups. 
Proterozoic to Lower Cambrian rocks of Lesser Himalaya are separated from the 
Cenozoic Siwalik Group and Doon gravels by the Main Boundary Thrust. The NE 
dipping tectonic feature brings Krol Group of rock to override the Siwalik and exposed 
only in the extreme western sector roughly between the Yamuna and Ton valleys. In 
Kumaun, the Krol Thrust coincides with MBT which has brought up a huge succession of 
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Table-2.1: Stratigraphic sequence of Doon valley (compiled by Barua, 2005) 
AGE 
Recent 
Sub Recent to Late 
Pleistocene 
And Early Holocene 
Late Pleistocene 
GEOLOGICAL UNITS/ 
FORMATIONS 
River Alluvium 
Doon Fan Gravel 
Old Doon Gravel 
FORMATIONS 
Loose unconsolidated 
materials of sand,silt and 
clay derived from Upper 
Siwalik 
Sub rounded boulders and 
gravels of sandstone and 
quartzite derived from 
Siwalik and Lesser 
Himalaya 
Big angular and sub-
rounded boulders of 
quartzite and sandstones 
embedded in clay 
Unconformity 
Late Pliocene to Early 
Pleistocene 
Late Miocene to Early 
Pliocene 
Middle Siwalik 
Upper Siwalik 
Middle Siwalik 
Lower Siwalik 
Coarse boulders, 
conglomerates and clay 
Hard and soft sandstone and 
clay intercalation 
in pockets 
Hard sandstone, siltstone 
with shale intercalations 
Main Boundary Thrust 
Paleocene to Early Eocene Subathu Formation Red shale and lenticular bands of sandstone 
Krol Thrust 
Precambrian 
Tal 
Krol 
Blaini / Infra Krol 
Nagthat 
Chandpur 
Damta 
Quartzite 
Dolomitic limestone, cherty 
red shale, 
sandstone, black shale 
Boulder beds, slate, dark 
shale, pink dolomite, 
quartzite and shale 
Quartzite and slate 
Phyllite, slate and limestone 
Grey slate, quartzite and 
turbidites 
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Table-2.2: Stratigraphic sequence of Lesser Himalaya (Thakur, 1992) 
Age Stratigraphic Unit Depositional Environment 
Cenozoic 
Lower Eocene 
Lower Permian 
Upper Cretaceous 
Lower Cambrian 
Early Cambrian Vendian 
Upper Riphean 
(U/Pb date on Galena-
967 Ma) 
Upper-Middle Riphean 
Lower Riphean 
2510 Ma Proterozoic 
Lower Proterozoic 
1800-2000 Ma dated 
gneisses and 500 Ma 
dated granite 
Dharamshala/SiwalikJOOOm 
Main Boundary Thrust(MBT) 
Subathu. 500m 
Unconformity 
Boulder slate (Rarely exposed) 
Unconformity 
Shell Limestone 
Unconformity 
Tal, 200m 
Krol, 950m 
Blaini 
Jaunsar(=Simla),400m 
Unconformity 
Deoban(=Calc one of Tejam, 
Shall) 3300m 
Unconformity 
Damta (Rautgara, Chakrata) 
Unconformity 
Sundernagar(=Rampur, 
Kishtwar, Berinag, Garhwal), 
1200m 
Unconformity/Tectonic 
contact (Basement for Lesser 
Himalaya) 
Jutogh and Vaikrita 
Deltaic, lagoonal/continetal 
Shallow Marine 
Turbidite 
Shallow marine 
Tidal flat (shoal complex), 
protected lagoon and 
embayment innershelf, 
subtidal to supratidal 
Glacio-marine 
Coastal sand bar/shoal 
Complex (prograding 
muddy delta 
Subtidal to lower intertidal 
Shaly distal flysch 2200m 
Rift sedimentation with 
penecontemporaeous 
volcanism 
Phyllite, quartzite, basics-
and mylonite gneiss with 
Lower Paleozoic granites 
Gneisses, calcsilicate, 
quartzite, deformed granites 
and basin dykes 
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Paleozoic sediments against and over the Siwalik and Tertiary sediments. 
East of the Yamuna the higher Krol Thrust has overlapped the Subathu Formation 
of Simla Hills of Eocene age, has completely concealed the MBT. The Subathu 
Formation belongs to the Paleocene to Middle Eocene in age and rest over the Pre-
Tertiary and overlain by Lower Siwalik. The startigraphic sequence of the Lesser 
Himalaya showing thickness, age and environment of deposition as given by Thakur, 
(1992) is followed in present work and is given in Table-2.2. 
The Krol Thrust which has brought various lithological units of the Krol nappe 
over the Siwalik constitutes actual southern boundary of the Lesser Himalaya. The Krol 
sediments are divisible into two groups, the Lower Jaunsar Group comprising Mandhali, 
Chandpur and Nagthat Formations of uncertain ages and Upper Mussoorie Group 
comprising of the Blaini Formation. The Blaini Formation consisting of slate, boulder 
bed with well rounded quartzite pebbles and limestones is overlain by a narrow horizon 
of the Infra-Krol, followed by the most conspicuous Krol Formation consisting of 
dolomitic limestone, massive limestone and shale trending, NW-SE and dipping towards 
NE. It normally forms stiff cliffs due to resistant nature of limestone in contrast to gently 
sloping and underlying Infra-Krol and Blaini Formation. The Krol Formation is often 
separated from the underlying Infra-Krol Formation of Permian age by about 7 m thick 
yellow coloured soft sandstone known as Krol Sandstone Member. The overlying Tal 
Formation consists of two members, the Lower and the Upper Tal; the former lying over 
Krol Formation consists of quartzite with sandstone and brown shale, trending NW-SE 
and dipping towards NE, while Upper Tal is represented by white to pink colored 
quartzitic sandstone trending NW-SE and dipping towards NE. Non- bedded calcareous 
sandstone represents the top of the Tal Formation, well exposed in Dhaulagiri and 
Jamnakatai areas. Synclinal folded thrust at northern flank is known as the Tons Thrust in 
the Tons-Yamuna valley. The Tal Formation which was first described in Garhwal 
(Medlicott, 1864) is exposed in the central and northern part of Krol Belt in Sirmur 
district (Himachal Pradesh) and Musoorie district (Uttrakhand). In the inner Lesser 
Himalaya the sedimentary succession copped by the Deoban fan is covered with an 
apparently conformable succession of orthoquartzites and basic volcanics of the Berinag 
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Formation, co-relatable with the Nagthat quartzites of the Jaunsar Group of the Krol 
Nappe. The Krol Nappe is over-ridden by a thick pile of epimetamorphic flysch invaded 
by a voluminous body highly mylonitized and streaked granitic quartz-porphyry, 
collectively known as the Ramgarh Nappe. 
2.4.2. Middle and Upper Siwalik 
The stratigraphy of the Siwalik Group (Table-2.3) of Doon and adjoining frontal Siwalik 
as given by (Pilgrim, 1913, Cobert, 1934 and 1942) is well described by Karunakaran and 
Rao, (1979) and Kumar, et al, (2003).The Middle Siwalik, which is dominated by friable 
grey coloured sandstones and Upper Siwalik, mainly represented by conglomerate which 
show an upward coarsening succession in an alluvial fan system (Kumar, et al., 
2003).The magnetostratigraphic dating of Upper Siwalik reveals an age ranging between 
5.3 and 0.5 Ma (Sangode, et al, 1996). Multistory sandstone complex of Middle Siwalik 
exhibits vertical facies variation from sandstone-mudstone to sandstone to mudstone-
conglomerate. The multistoried sandstone is characterized by the repetitive occurrence of 
selective cementation layers, varying in thickness from 5 to 25cm. and show sharp 
contacts with the under and overlying friable sandstone. 
The Upper Siwalik is predominately made up of conglomerate with subordinate 
sandstone and mudstone facies, overlying the Middle Siwalik with transitional contact 
between them. Upper Siwalik is represented by Boulder Conglomerate Formation 
dominated by Pre-Tertiary clast derived from the Lesser Himalaya. Near Koti Nadi, 
Chandpur phyllite and quartzite of Krol Group override Upper Siwalik boulder bed. 
There is a marked change in sedimentation pattern around 5.23 Ma from sandstone 
dominated to conglomerate dominated and a rapid increase in sedimentation rate from 
0.26 to 0.70 mm/yr (Sangode, et al., 1996) towards the northern slope of Doon valley. 
The Upper and Middle Siwaliks are observed in dissected hills (Fig. 2.4), steeply dipping 
at 60°-70° towards N/NE. In the pediments, the steeply dipping Siwaliks exhibits 
inverted bedding, recognized on the basis of cross-bedding and overlain by thick fan 
deposits of Doon gravels (Fig.2.2). In the central part, the Siwaliks are completely 
masked by ~300m thick Doon gravel, whereas the Upper and Middle Siwalik Formations 
are exposed in the southern slope with gentle dips. 
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Table-2.3: Classification of the Siwalik Group (Pilgrim, 1913, Cobert, 1934 & 1942) 
Age Sub-Group Formation Lithology Depositional Environment 
Older Alluvium 
Upper 
Pliocene to 
Lower 
Pleistocene 
Upper 
Miocene to 
Lower 
Pliocene 
Middle 
Miocene 
Upper Siwalik 
Middle Siwalik 
Lower Siwalik 
Boulder 
conglomerates 
Pinjor 
Formation 
Tatrot 
Formation 
Dhokpathan 
Formation 
Nagri 
Formation 
Chinji 
Formation 
Kamlial 
Formation 
Coarser boulder 
conglomerates, 
clays, sands and 
grits 
Conglomerates, 
sandstones and 
clays 
Sandstones, 
clays and 
conglomerates 
Sandstones, 
shales, clays and 
pebbly at the top 
Massive 
sandstones, 
shales and red 
clays 
Nodular shales, 
clays and 
sandstones 
Dark hard 
sandstones, red 
and purple 
shales 
High energy 
fluviatiie 
Marshy 
environment 
Lacustrine 
environment 
KASAULI FORMATION (UPPER MURREES) 
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2.4.3. Doon Gravel 
Valley is filled by the alluvium of Holocene to Pleistocene age deposited over the 
Siwaliks which are primarily gravels, known as the Doon gravels. These gravels are 
massive, thickly bedded and poorly consolidated to unconsolidated conglomerate with 
pebble-to-boulder size clasts embedded in fine-grained matrix. Quartzite and phyllite 
predominantly form the clast, pebble and boulders along the northern part of Asan River 
of the study area. On the basis of lithology and structural framework Doon gravels are 
further categorized into three units A, B and C. These units are illustrated in Fig. 2.2 and 
discussed as: 
2.4.4. Unit A 
Unit A is composed of sub-angular to sub-rounded, granule to pebble size clasts, set in a 
fine-grained matrix. They are poorly consolidated gravel beds, inter-layered with sand 
and mudstone beds. These clasts are mainly derived from Lesser Himalayan limestone 
and shale/slate and Lower Tertiary purple and buff green colored sandstone. They show 
pebble imbricafion with their long axes dipping NE l5°-30°, indicative of fluvial deposit 
with streams originating from north in the Lesser Himalayan region. Unit A gravels show 
tilting with variable dips ranging SW 15°-65° exposed in different river sections. They 
are also folded and faulted as well as horizontally deposited in some localities. Unit A in 
the Suama Nadi section of the study area dips SW -70° and SW ~ 40° respectively and 
unconformably lies over the NE 70°-80° dipping boulder conglomerate of Upper 
Siwalik. A strong tectonic fabric defined by preferably oriented long {X) axes of the 
pebbles and boulders, observed in the Boulder Conglomerate Formation. The pedimented 
Upper Siwalik in the Koti Nadi section is overlain by Unit A gravel dips S 35°. The Unit 
A dips SW 70°, overlying the folded Upper Siwalik boulder conglomerate near Gauna 
Nadi of the study area. The tilted Unit A is generally overlain by horizontally disposed 
Unit B of Doon gravel (Fig.2.2) but at places Unit A is directly overlain by Unit C, 
implying the absence of Unit B due to erosion. The oldest gravels in the Doon fan from 
the northern most part near Rajpur and from middle part of Doon principal fan have 
yielded OSL age of 38.3 ± 8.4 and 40.3 ± 3.9 Ka respectively, suggest that Unit A is 
older than 40 Ka (Singh,, et a/.,2001). 
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2.4.5. UnitB 
Unit B unconformably overlies the Unit A and at some places, It overlies directly on the 
eroded and vertically disposed Upper and Middle Siwalik Formations. The typical 
lithology of Unit B includes unconsolidated massive gravel with predominance of 
rounded to sub-rounded boulders and pebbles predominantly of quartzite together with 
sandstone and phyllite. The gravel is poorly sorted, clast-supported towards north and 
gradually becomes matrix-supported in the southern part. The composition of pebbles and 
imbrication indicates that Unit B was predominantly derived from the Upper Siwalik 
boulder conglomerate along with the Middle Siwalik sandstone and Lesser Himalayan 
phyllites and quartzite. The origin of fracturing of pebbles in Unit B is not clear; however 
it could be tectonic deformation or more likely climatic factor (Thakur and Pandey, 
2004). The climatic factor can also be supported by the fact that there is predominance 
and widespread prevalence of orange-red color pebble clast in Unit A, indicative of warm 
humid climate which may have been followed by cold climate resulting in cracked 
pebbles in Unit-B. The OSL age of gravel near Donga village is found to be 29.4 ± 1.7 
Ka (Singh, eM/., 2001). 
2.4.6. Unit C 
The youngest gravel unit constituting the younger fan surface has been categorized as 
Unit C. It consists of poorly sorted angular to sub-angular granule and pebbles 
interspersed with large pebbles and occasional boulders. The clasts are supported by 
sandy to gritty matrix and large pebbles and boulders are supported by finer clasts. 
Discontinuous layers and lenses of sand and silt about 1 m thick occur horizontally, 
disposed within the gravel. The pebbles show imbrication fabric dipping N 10°-15°, 
suggesting provenance from north and deposition by the fluvial streams. Unit C gravels 
are widely distributed towards the south of Santaurgarh Thrust and spread right across the 
distal part of the fan. Away from the Thrust, clast size decreases and mud and silt content 
increases. The base and top of this gravel yield 22.8 and 10.7 Ka OSL age respectively 
(Singh, et al., 2001). On the right bank of Suarna Nadi to the west of Donga village, 
pedimented Middle Siwalik sandstone is unconformably overlain by the gravel of Unit C. 
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2.5. Regional Geomorphology 
Doon valley is bounded by two perennial rivers Yamuna and Ganga that drains the entire 
area with its tributaries, NW flowing Asan and SE flowing Suswa-Song respectively. The 
largest "Doon" in the Sub-Himalayan region a longitudinal synclinal basin with fluvialte 
sediments deposited in front of the abrupt rising of Lesser Himalaya (Mussoorie Range) 
in the north. The structural hills of Middle Siwalik rocks rise abruptly over the upper 
piedmont because of a foothill fault. These structural hills are controlled morphologically 
by lithology, whereas the southern part consisting of alternating sandstone and shale 
overlain by massive sandstone show grassy slope facing south and open mixed forest in 
northern parts (Rao, 2002). The major part of the valley area is occupied by three fans 
i.e.. Donga, Dehradun and Bhogpur fan from west to east (Singh, et a/.,2001) deposited 
by the rivers, flowing from Lesser Himalaya and influenced by the activity of MBT and 
related faults. 
The geomorphological studies carried out in order to identify and delineate 
various geomorphic units using different photographic element in the area near Sitla Rao 
watershed (Fig.2.4) highlighting the diverse topographic and material characteristic using 
high resolution ASTER image of the study area. The identified geomorphic units are 
briefly discussed and described below and the characteristic features of each geomorphic 
unit are given in Table-2.4. 
2.5.1. Doon Fan Gravel Terrace 
The doon fan gravels form terraces, consisting of gravels, pebbles, boulders, sand, clay 
and rock fragments. These terraces also known as fan cut terraces are formed by the 
erosional work of the streams flowing down from the Lesser Himalaya. These terraces 
are medium to large, gently sloping and developed on either side of the streams 
extensively used for agriculture. At places, these fans show differential upliftment and 
subsequent faulting. 
2.5.2. Doon Fan Gravel Dissected Hill 
The southern slope of the Lesser Himalaya is characterized by a number of alluvial fans 
forming low lying dissected hills (Fig.2.4). Doon fan gravel dissected hill are represented 
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as an elongated feature tapering towards south with variable slope and very gentle 
towards south. Quartzite, sandstone and clay constitute the composition of the fan 
material and cover a large area extending from apex of the fan in north upto the sub 
recent alluvial deposits of Asan River and its tributary Sitla Rao. They are identified on 
satellite images as isolated patches of hills with smooth texture, radial drainage and dense 
vegetation. 
2.5.3. Sub Recent Fan Terrace 
Sub recent fan terraces are very much conspicuous on either side of the Asan River. They 
maintain a bit higher elevation from valley floor of recent alluvium. This unit is sub-
recent in age and comprises of boulders, gravels, pebbles, sand and clay and deposited on 
the lower part of the piedmont dissected slope as well as on the lower part doon fan 
gravel terrace. 
2.5.4. Moderately Dissected Structural Hill 
Moderately dissected structural hills in the study area are of Middle Siwalik age. These 
hills are characterized by folds and faults with gentle to steep dip and moderate to high 
relief. Presence of compact, massive, medium to coarse grained friable sandstone favors 
moderate dissection in this zone and posse's distinct water divide. Since they resist 
erosion, drainage density is high and show sub-dendritic to dendritic and at places trellis 
pattern. 
2.5.5. Piedmont Dissected Slope 
The piedmont dissected slope extends from the Siwalik water divide in the north of Doon 
valley and consists of the assemblages of boulder, gravel, clay and pebbles. Materials 
forming piedmont dissected slope appear to be derived from Upper Siwalik Formations. 
In the southern part it shows a steeper gradient and the drainage pattern is parallel to sub 
parallel. 
2.5.6. River Terrace 
In the study area the river terraces are relicts of former flood plain levels that have 
undergone cyclic uplift and subsequent erosion under the influence of different physical 
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and climatic conditions. The river terraces are formed by down cutting of fan materia! 
(Piedmont) and shifting of river courses constitute older alluvial formation consisting of 
river borne detritus deposits of varying dimensions. The sediment matrix of terrace 
consists of clay, silt, sand, gravel, pebbles and boulders. River terraces are identified 
from their association with river and flat area with gentle slope, flat topography, low 
drainage density, smooth texture and uniform tone. 
2.5.7. Channel Bar 
These geomorphic features of low relief are mostly observed all along the Sitia Rao and 
its tributaries. Since the river in the study area flow through unconsolidated materials like 
boulder, pebble, sand, silt, clay and develop channel bars. Seasonal streams running from 
high relief with great velocity on their lowest reaches consists of soft saturated sediments 
and acquire braided course due to modification in their channel gradient. 
2.6. Landuse / Landcover Classification 
The Himalayan zone is one of the most sensitive regions in terms of its natural 
environment, stability and by its complexity. The rugged terrain, variation in climate and 
the requisite to maintain landcover compel the locals to extract the natural resources. The 
vastness and 'difficult to reach' nature of mountainous areas poses serious limitations on 
ground observation. The supervised classification of ASTER image is carried out in order 
to understand the geological and geomorphological influence on landuse/landcover of the 
study area. Due to the terrain complexity the spectral signature is influenced by elevation, 
aspect and slope especially in the Himalayas. The use of remote sensing and GIS in the 
Himalayan region was introduced in mid eighties (Singh, et al, 1985; Tiwari, et al, 
1985) to identify landscape/landuse pattern (Singh, et al, 1984), mapping, monitoring 
(Joshi, et al, 2003) and change detection (Rathore, et al, 1997). 
The supervised digital classification of ASTER image into various 
landuse/landcover categories shows that doon fan gravel geomorphologically represented 
by sub recent fan terrace, river terrace, piedmont dissected slope and doon fan gravel 
terraces, completely occupied by the living population and extensively cultivated. The 
lower piedmont characterized by gentle slope consisting of gravels and sand covered by 
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the rich alluvial soils, making lower piedmont, a rich area for agriculture. Doon valley is 
predominantly covered by doon fans which have long slopes having urban and 
agriculture landuse. The landuse categories in the study area include agriculture and 
settlement. The second level classification show fallow land, plantation and standing 
crops in this region (Fig.2.5). The doon fans have patches of forest indicating the original 
ecological conditions, modified by human settlements. 
Moderately dissected hill and some part of doon fan gravel terraces which 
represent doon gravel belongs to the Middle and Upper Siwalik are found under thick 
vegetation. Second level classification shows that the region is occupied by dense and 
moderately dense forest. The slightly higher level and rugged terrain of Lesser Himalaya 
representing moderately dissected structural hills is either rocky land or covered by dense 
forest (Fig.2.5). Unlike Siwalik hills, Lesser Himalayan dissected hills also have steeper 
slope and high relief, characterized by rocky barren land. The study reveals that the 
landuse/landcover is very varied in the study area which is mainly due to presence of 
various geological and geomorphological features in the region, demonstrates landform 
and ecological relationship. 
34 
CHAPTER - III 
Materials and Methods 
Materials and Methods 
3.1. Data Acquisition 
The following systematic approach involving several steps of acquiring the required 
data from the concerned sources, its processing and interpretation, generation of 
thematic maps using satellite data, field visits etc, was adapted to carry out the present 
study. 
1. The available published and unpublished literature, technical reports, special 
volumes and various journals relevant to the present study and study area were 
collected and studied thoroughly. 
2. The SRTM-DEM data on 90 meter spatial resolution for Dehradun region was 
downloaded from website http://srtm.csi.cgiar.org/ and used to generate the 
different terrain components like elevation, slope, drainage, aspect, basin 
boundary etc. 
3. The ASTER-DEM data on 15 meter spatial resolution for Dehradun region 
was obtain from IIRS, Dehradun and was also used to generate the different 
terrain components like elevation, slope, drainage, aspect, basin boundary etc. 
for the comparative study. 
4. Toposheet of the study area bearing number 53 F/15 on 1:50,000 scale was 
acquired from Survey of India (SOI) Dehradun and contours were digitized to 
prepare DEM of the study area. 
5. The required maps of the study area published in the project reports, 
government reports and books were adapted for this study. 
6. Microsoft Excel module from MS-Office 2007 software program was used for 
making various calculations and plotting of graphs. 
7. The different GIS softwares utilized for the study are, Arc-View 3.2, 
MultiSpecW32, SAGA 2.0 (available at http://www.saga-gis.uni-
goettingen.de/html/index.php), Georeferencing Tool 1.0.0.0 (available at 
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website http://www.mapwindow.org/downloads/php?show_details=l7), 3DEM 
10.0.0.142 (available at http://www.visualizationsoftware. com/ 3dem.html) and 
Geographic Translator 2.3 (available at http.V/earth-
info.nga.mil/gandg/geotrans/index.html). The last four softwares are open source 
software's and are available for free download from the above mentioned 
websites. 
3.2. Characteristics of SRTM-DEM Data 
The Shuttle Radar Topographic Mission (SRTM) successfully collected C-Band (5.6 
cm) Synthetic Aperture Radar data over 80% of the landmass of the earth between 
60°N and 56°S latitudes during an 11-day Space Shuttle mission in February 2000. 
These data were processed using SAR interferometry (IFSAR) to obtain a nearly 
global DEM (Rabus, et al, 2003). This mission has created an unparalleled dataset of 
global elevations that is freely available for modelling and environmental 
applications. There are two SRTM products in raster format: The 30 m (larc sec) 
spatial resolution and 90 m (3 arc sec) data which is available globally (80% of the 
earth surface).The 3 arc sec SRTM data is of high quality and can be used to replace 
the DEM from 1:2, 50,000 scale topographic maps in many situations particularly for 
the study of mountain geomorphology, ecology, and hydrology (Liu, 2008). The 
standard deviation error of the SRTM-DEM over Eurasia has been found to be 8.8 
meter for absolute geolocation, 6.2 meter for absolute height and 8.7 meter for 
relative height (Rodriguez, et al, 2006). Many homepages 
atftp://eOsrpO lu.ecs.nasa.gov and http://seamless.usgs.gov/ provide these data. The 
SRTM V4 data used in present study was provided by the International Centre for 
Tropical Agriculture (CIAT) from http://srtm.csi.cgiar.org. They derived data from 
the USGS/NASA SRTM data and distributed in decimal degrees and datum WGS84 
(Jarvis, et al, 2008). The data is in Arc GRID, Arc ASCII and GeoTIFF format in 
decimal degrees with datum WGS84. CIAT has processed to provide seamless 
continuous topography surfaces. Areas with regions of no data in the original SRTM 
data have been filled using interpolation methods as described by Reuter, et al, 
(2007). 
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3.3. Characteristics of ASTER-DEM Data 
The Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) 
have been recently developed by collaboration of NASA and Japan's Ministry of 
International Trade and Industry to provide accurate satellite images with high spatial 
and spectral resolutions (Abrams, 2003). An ASTER scene covers an area of 
approximately 60 km by 60 km and data is acquired simultaneously at three different 
spatial resolutions. The images are georeferenced to the WGS-84 datum and 
Universal Transverse Mercator projection. A complete ASTER scene consists of 15 
bands of data including one band, which point backward to create parallax. The 3 
bands in the visible near infrared (VNIR) part of the spectrum have a 15m resolution 
and an 8-bit unsigned integer data type. This data set also features a near infrared 
backward-scanning band labeled Band 3B and is used to create a stereo view of the 
earth to develop elevation information. The six bands in the short wave (SWIR) have 
a 30m resolution and also have an 8-bit unsigned integer data type. Finally there are 
five thermal bands (TIR) with a 90m resolution and have a 16-bit unsigned integer 
data type. The band details of ASTER are given in Table-3.1. 
3.4. DEM processing, delineation of watershed boundary and maps 
In general, topographical information in DEMs can be represented and stored as three 
different forms: (i) a grid (ii) a triangulated irregular network (TIN) or (iii) contour-
line models (Weibel and Heller, 1991; Tarboton, 1997; Richard, 2004). Grid DEMs 
have commonly used data source for digital terrain analysis because of its simple data 
structure and compatibility with other digitally produced data (Holmgren, 1994; Gao, 
1998; Wise, 2000; Li, et al, 2000) and adopted in present study. The SRTM data is 
available as 5X5 degree tiles in zipped Arc ASCII and zipped GeoTIFF formats and 
as 1X1 degree tiles in zipped Arc ASCII format. In present study the 5X5 degree data 
set in GeoTIFF format was downloaded. The ASTER stereo image acquired on 2"'' 
October 2003 at 5hr 43min and 07sec with zero percent cloud cover was used for the 
generation of DEM in a LIB (radiance) data with geometric and radiometric 
correction. The study area falls on SRTM tiles srtm_52_06 which is in GeoTIFF 
format. 
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TabIe-3.1: ASTER Band Details 
Band Label 
Bl VNIRBandl 
82 VNIR_Band2 
B3 VNlRBandSN 
B4 VNIRBandSB 
B5 SWIR_Band4 
B6 SWIRBandS 
B7 SWIR_Band6 
B8 SWIRBand? 
B9 SWIR_Band8 
B10SWlR_Band9 
Bll TIRBandlO 
B12TIR_Bandll 
B13TIR_Bandl2 
B14TIR_Bandl3 
B15TIR_Band]4 
Label Wavelength 
0.52 - 0.60 
0.63 - 0.69 
0.76 - 0.86 
0.76 - 0.86 
0.60-1.70 
2.145-2.185 
2.185-2.225 
2.235-2.285 
2.295-2.365 
2.36-2.43 
2.36 - 2.43 
8.125-8.475 
8.925 - 9.275 
10.25-10.95 
10.95-11.65 
Resolution 
15m 
15m 
15m - Nadir view 
15m - Backward scan 
(used to create high 
resolution DEM) 
30m 
30m 
30m 
30m 
30m 
30m 
90m 
90m 
90m 
90m 
90m 
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Both the data were imported in 3DEM software and using Operation/ F8 
Select Smaller Areas module of 3DEM, the tiles were cropped from sides to exclude 
the requisite areas. The cropped tiles of SRTM and ASTER were saved as GeoTIFF 
DEM file format (Fig.3.2 a and b) and imported into the SAGA 2.0.3 software using 
File/Grid/GDAL/Import Raster via GDAL module. Since this data was provided in 
geographical WGS84 system, it was reprojected into UTM (zone 43) using 
Projection/ Grid /Proj4 (Grid) module. The B-Spline Interpolation method was used 
for projection change. The data however void filled was processed for sink removal 
using Terrain Analysis/Preprocessing/Sink Removal module. The color coded 
elevation model was exported as ESRI Arc/ Info/Grid in ASCII file format. Finally, a 
DEM was derived using digitize contours from SOI toposheet (Fig.3.2c) at 1:50,000 
scale with 20m contour interval. Contours were digitized in Arc View-3.2 and 
elevation attributes were assigned to the vector map containing the contour lines. 
Interprolated DEM was generated using the topogrid function in Arc Info workstation 
and re-sampled to 25m pixel size. 
The watershed boundary of the study area was delineated using the Terrain 
Analysis /Hydrology/Catchment Area module of SAGA 3.5, by choosing the outlet of 
Asan River form drainage network and saved as shape file format (.shp as extension). 
This watershed boundary was then overlaid on the ASTER, SRTM and Toposheet 
DEM tiles. The color coded Elevation Models of the study area were produced by 
clipping the ASTER, SRTM and Toposheet DEM tiles along the watershed boundary 
using Shape/Grid/Clip grid with Polygon. These color coded elevation models were 
exported as ESRI Arc/ Info/Grid in ASCII file format. This ASCII file as imported 
into Arc View GIS 3.2 using Surface module of the Arc View GIS 3.2, elevation, 
slope, drainage and contour maps were derived. 
The published geomorphological map of the study area after (Barua, 2005) 
was used to delineate boundary of the study area and the boundaries of various 
geomorphological units such as doon fan gravel terrace, moderately dissected 
structural hill, piedmont dissected slope, river terrace and sub recent fan terrace. For 
this the available geomorphological map was firstly georeferenced using the 
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Georeferencing Tool and GeoTranslator V2.3 CIS softwares and saved as GeoTIFF 
file. Subsequently the fde was imported to Arc View 3.2 CIS software and boundary 
of the study area as well as boundaries of various geomorphological units were 
digitized and saved as Arc View shape files. These saved shaped files were used to 
clip the required areas for the elevation, slope and aspect maps from the ASTER-
DEM, SRTM-DEM and the Toposheet-DEM (Fig.3.2).The watershed boundaries 
were obtained from the Topographic map of the study area and used for the analysis 
of different terrain elements. 
The satellite imagery has been effectively utilized in classification process, 
especially in generating landuse/landcover maps and detecting land cover conditions 
(Lobo, et al, 2004; Cohen and Goward, 2004; Musaoglu, et al, 2005). According to 
Rowan and Mars (2003) the visible and near-infrared telescope on ASTER with a 
spatial resolution of 15 m is very useful to acquire vegetative information. The 
ASTER images with high spatial and spectral resolutions can provide more accurate 
and low-cost landcover mapping (Zhu and Blumberg, 2001; Davis and Simonett, 
1991; Jensen, 2005).The supervised classification has been widely used in remote 
sensing applications, whereas FCC from the ASTER image was generated in 
MuhiSpec W32 by linking separate disk file of band 1(0.52 - 0.60), 2 (0.63 - 0.69) 
and 3 (0.76 - 0.86). After linking the separate disk files the merged file was displayed 
using Processor/Display Image to obtained FCC and saved as sub_bicub.img file. In 
supervised classification, spectral signatures are collected from specified locations 
(training sites) in the image by digitizing various polygons overlaying different 
landuse types. Training sites are selected by using Statistics tool from Processor 
menu. "Field" is selected from the image, based on the spectral reflectance and prior 
field investigation. The spectral signatures are then used to classify all pixels in the 
scene. The supervised classification is generally followed by knowledge-based expert 
classification systems depending on reference maps to improve the accuracy of the 
classification process (Berberoglu, et al, 2007; Xiaoling, et al, 2006). 
Surface modules of the Arc View GIS 3.2, elevation, slope and aspect maps 
were derived. Finally, DEM was derived using digitized contour from SOI toposheet 
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at 1:50,000 scale with 20m contour interval. Contours were digitized in Arc View-3.2 
and elevation attributes were assigned to the vector map containing the contour lines. 
Interpolated DEM was generated using the topogrid function in Arc Info workstation 
and resampled to 25m pixel size. 
3.5. Geo-referencing of the maps 
The different thematic maps including geological and geomorphoiogical were geo-
referenced with the help of ground control points (GCPs) using Georeferencing Tool 
1.0.0.0. The study area falls in the UTM zone 43 north. The georeference format of 
these maps was changed to Universal Transverse Mercator (UTM) projection with 
World Geodetic System 84 (WGS84) as the datum and ellipsoid. In order to geo-
reference these maps firstly the latitudes and longitudes of the source maps were 
changed into the X, Y co-ordinates, using GeoTrans2.3 software and then the 
corresponding X-Y co-ordinates were transferred on the map using Georeferencing 
tool 1.0.0.0. 
3.6. Statistical Analysis of DEM 
Among the morphological parameters elevation, relief, slope and aspect have been 
arguably and most frequently utilized in GIS applications. The SRTM data (3arc 
second, 90 meter) used in the present study was provided by International Centre for 
Tropical Agriculture (CIAT) from http://srtm.csi.cgiar.org. The ASTER VNIR 
(15meter) data used in the present study was obtained from IIRS Dehradun, India. 
Statistics of these terrain attributes has been carried out using SAGA2.0.3 by 
importing ASTER, SRTM and Toposheet grid through File/Grid/Import via GDAL 
module and performing Standard Terrain Analysis of the clipped study area. The 
descriptions of each geomorphoiogical unit and micro-watershed were obtained and 
are represented graphically in the form of bar graph to compare the result of the 
analysis. 
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CHAPTER - IV 
Morphometric 
Analysis 
Morphometric Analysis 
4.1. Introduction 
River systems, a type of stream network, consist of a series of links which connect 
nodes and can be analyzed with respect to two main sets of properties: the topological 
aspects of stream networks which concern with the interconnection of streams and 
geometrical aspects which involve length, area, shape, relief and orientation. The 
study of basin morphometry attempts to relate basin and stream network geometries 
for transmission of water and sediment through the basin. The size of a drainage basin 
influences the amount of water yield the length, shape and relief which affect the rate 
of water being discharged from the basin and total yield of sediments. However, 
properties of the stream networks are very important to study the landform making 
processes and to understand the sub surface conditions. 
Morphometric analysis of the drainage basin and channel network plays a 
vital role to understand the hydrogeological behavior of drainage basin and express 
the prevailing climate, geology, geomorphology and structure etc. Morphometric 
analysis requires measurement of linear features, gradient of channel network, 
contributes ground slopes of the drainage basin. The drainage basin, watershed or 
micro-watershed is the fundamental unit in geomorphology within which the relations 
between landforms and process that modify them may be studied. 
Morphometric studies in the field of hydrology were first initiated by Horton, 
(1932) and Strahler, (l950).The relationship between various drainage parameters 
and the aforesaid factors are well recognized by Horton, 1932 and 1945; Strahler, 
1950 and 1957; Melton, 1959; Pakhmode, et al, 2003 and Gangalakunta, etal, 2004. 
Srivastava and Mitra, 1997; Agarwal, 1998; Nag, 1998; Das and Mukherjee, 2005 
Saran, et al.,2009 have concluded that remote sensing has emerged as a powerful tool 
in analyzing the drainage morphometry. Further, the quantitative hydrogeomorphic 
analysis of drainage basin was initiated by Langbein, 1947 followed by Golding and 
Low, 1950; Strahler, 1945, 1952,1954 and 1958; Schumm, 1956 and Coats, 1958. 
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The objective of the present study is to analyse the morphometric attributes of 
Sitla Rao watershed. However no systematic work has so far been carried out in past. 
The study to attempt basin morphometry relates to basin and stream network 
geometries to the transmission of water and sediment through the basin. 
The drainage map (Fig.4.1.a) and splitted drainage map (Fig.4.1.b) of the 
study area were prepared using Toposheet and ASTER data for detailed 
morphometric analysis and six micro-watersheds namely; Rudarpur, Dobri, Chhorba, 
Chandpur, Jagatpur and Abdullahpur were selected for detailed Morphometric 
analysis. 
Detailed morphometric study is carried out and discussed with respect to 
linear aspects, areal aspects as well as relief aspects of the drainage network. 
4.2. Linear Aspects of the Drainage Network 
The linear aspects include stream order, bifurcation ratio, stream length, mean stream 
length and stream length ratio. The results of the analysis are given in Table- 4.1 and 
4.2 and discussed below: 
4.2.1. Stream Segments, and Stream Order (Nu) 
This is a section of stream channel between two channel junctions or "fingertip" 
tributaries, between a junction and upstream termination of a channel. According to 
an ordering classification system one of the first attributes to be quantified in 
morphometric analysis is the hierarchy of stream segments. In this system, channel 
segments were ordered numerically from a stream's head waters to a point somewhere 
down stream. It is a fundamental property of stream networks since it is related to the 
relative discharge of a channel segment. Various systems of stream ordering have 
been proposed but the two most frequently used are those given by Strahler, (1957) 
and Shreve, (1966). According to Strahler system (1957) a stream segment without 
any tributary designates a first order segment. A second order segment is formed by 
joining of two first order segments, a third order segment by joining of two second 
order segments and so on. 
The stream segments of each order were counted and given in the Tables- 4.1 
and 4.2 and it is observed that the number of stream segments of any given order is 
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fewer than for the next lower order but more numerous than for the next higher order. 
This observation verifies the Horton's Law of stream number (1945) i.e. the number 
of stream segments of each order forms an inverse geometric sequence with order 
number. In Jagatpur and Abdullahpur micro-watersheds, second order stream joins to 
form one third order stream and no fourth order stream is found in these micro-
watersheds, unlike other micro-watersheds calculated from the ASTER data clearly 
indicates that there are some geological factors which prevents the joining of lower 
order stream to form higher order streams. 
4.2.2. Bifurcation Ratio (Rb) 
It is the ratio of the number of stream of a given order to the number of stream of next 
higher order (Schumm, 1956). Horton (1945) considered it as index of relief and 
dissection. 
Mathematically Rb can be defined as 
Rb = Nu/{Nu + 1) 
Where, 
Nu : Number of stream segments present in the given order. 
Nu+1: Number of stream segments present in the next higher order 
It has been found that the bifurcation ratios characteristically ranges from 3.0 
to 5.0 for watersheds in which geology is reasonably homogeneous or geological 
structure do not disturb the drainage pattern. The Rb value in the study area ranges 
between 3.16 and 6.14 which are slightly higher than the range mentioned above 
clearly indicates the possibilities of geologic control over drainage pattern. 
Bifurcation ratio for different micro-watersheds have been determined and 
given in Table- 4.1. It is observed that the values of bifurcation ratio are not same 
from one order to its next order. These irregularities are dependent upon the drainage 
basin (Strahier, 1964). The lower values of Rb are characteristics of the micro-
watersheds which have suffered less structural disturbances (Strahier, 1964) and the 
drainage patterns have not been distorted because of structural disturbances. Further, 
low Rb values in the study area signify high drainage density and indicate uniform 
surficial materials where geology is reasonably homogeneous. High Rb values 
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Fig.4.2.a: Semi log plots of Stream Order Vs Stream Number (Toposheet) 
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Fig.4.2.b: Semi log plots of Stream Order Vs Stream Number (ASTER) 
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indicate structural control of drainage ways (folded- valley and ridge regions; faults) 
and also signify high average flood potential of streams because numerous tributary 
segments drain into relatively few trunk transporting stream segments. 
Semi-log plots of stream order vs stream number (Fig.4.2 a and b) have been 
drawn and a straight line was fitted through these points. The slope of these lines 
gives the bifurcation ratio. 
4.2.3. Stream Length (Lu) and Stream Length Ratio (Rl) 
It is the length of stream of various orders from their mouth to drainage divide. The 
stream length has been computed based on law proposed by Horton (1945). Usually 
the total length of stream segment is maximum in first order and decreases as the 
stream order increases. This trend is followed in all the micro-watersheds. However, 
stream lengths from toposheet for Rudarpur micro-watershed do not follow this trend. 
This may be due to flow of stream from high altitude, change in rock type, 
moderately steep slope and probable uplift across the micro-watershed (Singh and 
Singh, 1997, Vitlala, et al, 2004, Chopra, etal, 2005) 
Mean Stream length (Lsm) is calculated by dividing the total stream length 
of order 'U' and number of stream of segment of order 'U'. 
Lsm ~ Lu/Nxi 
Where, 
Lu : Mean stream length of a given order. 
Nu : Number of stream segments present in the given order. 
Mean length of a stream channel segment of order 'U' is a dimensional 
property, revealing the characteristic size of component of drainage network and 
contributing basin surface (Strahler, 1964). 
Mean stream length of any given order is greater than that of the lower order 
and less than that of its next higher order. Mean stream lengths values obtain from 
toposheet and that from ASTER are variable. Toposheet values for Rudarpur, 
Jagatpur and Abdullahpur micro- watersheds show variation in second and third order 
stream while the values obtain from ASTER data show variation in third and fourth 
order streams in Chhorba micro-watershed and second and third order stream 
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segment in Abdullahpur micro-watershed. Both the data show variable mean stream 
length values in Abdullahpur micro-watershed, possibly due to variation in 
topographic elevation and slope. 
Stream length ratio can be defined as the ratio of the mean stream length of a 
given order to the mean stream length of next lower order and is determined by the 
formula. 
Rl=Lu/iLu-i) 
Where, 
Lu: Mean stream length of a given order. 
Lu-1: Next lower order stream. 
From Table- 4.2 it is noted that mean stream length is quite variable in both 
the data set (Toposheet and ASTER). This may be due to variation in slope and 
topography indicating late youth stage of geomorphic development of stream in the 
study area (Singh and Singh, 1997, Vittala, et al, 2004). The values of stream length 
ratio as obtain from ASTER data are high in almost all micro-watershed, indicating 
their upstream location where the rocks are highly competent and impermeable. 
4.3. Areal Aspects of the Drainage Network 
The areal aspects include basin area, basin shape, drainage density, stream frequency, 
infiltration number, drainage texture and length of overland flow. The results are 
given in Table 4.3 and 4.4 and discussed as: 
4.3.1. Basin Area 
A drainage basin is an area defined by a topographic boundary or a drainage divide 
that diverts all runoff to a single outlet. The topographic information can be used to 
delineate drainage basin manually. It may also be defined as an area which is drained 
by stream or a system of streams in such a way that all stream flow originating within 
the basin parameter discharges through a single outlet. 
The digital availability of elevation data has boosted the development of 
automated tools for drainage basin delineation and associated stream network. Total 
area of the Sitla Rao watershed is 183 kml Among the micro-watershed maximum 
drainage area is covered by the Rudarpur micro-watershed whereas Abdullahpur 
micro-watershed occupies minimum drainage area. 
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4.3.2. Basin Shape (Bs) 
Basin shape is the outHne form of a drainage basin, as it is projected upon the 
horizontal datum plane of a map. The shape of the basin is an important factor in 
determining discharge characteristics of streams and may considerably affect stream 
flow hydrograph and peak flow. Horton (1945) described the outline of a normal 
drainage basin as a pear shape ovoid and can be determined by the foxBwte^— 
Where, \'^\ T~ "^/ /<0\ ) ^ P 
Lb: Maximum Basin Length (Km) VV'^ / " fn'^'^f' 
Au: Area of the Basin (Km )^ ^^ ' ' f i ' uJ^vcT^ 
The various parameters used to define the shape of the basin include Elongation Ratio 
(Re), Form Factor (Rf) and Circularity Ratio (Rc).These parameters are discussed 
below and graphically presented in Fig. 4.4. 
a) Elongation Ratio (Re) 
Schumm, (1956) defined elongafion ratio as the ratio of diameter of a circle of the 
same area as the basin to the maximum basin length. The Re remains between 0.6 and 
1.0 over wide variety of climatic and geographical types. Value near to 1 is typical of 
region of very low relief, whereas the values in the range of 0.6 to 0.8 are generally 
associated with strong relief and steep ground slope. Elongation ratio can be 
determined by the formula: 
Re = ^Au/n/Lb 
Where, 
Au: Basin Area (Km )^ 
Lb: Maximum Basin Length (Km) 
The elongation ratio in the study area varies from 0.46 to 0.64. The variation 
in elongated shapes of the micro-watersheds is possibly guided effect of thrusting and 
faulting. Low values of Re in Dobri, Chandpur and Jagatpur micro-watersheds 
indicate elongated shape tectonic control on the stream development. Moreover all 
55 
Table- 4.3: Shape parameters of different drainage micro-watersheds 
Toposheet and ASTER 
S.No 
1 
2 
3 
4 
5 
6 
Name of 
micro-
watersheds 
Rudarpur 
Dobri 
Chhorba 
Chandpur 
Jagatpur 
Abdullahpur 
Basin Area 
(Km )^ 
65.25 
58.00 
17.00 
15.00 
25.06 
22.68 
Maximum 
Basin 
Length (Km) 
14.55 
20.10 
7.20 
8.95 
12.20 
10.30 
Basin 
Perimeter 
(Km) 
36.25 
46.05 
17.60 
19.25 
26.25 
24.70 
Elongation 
Ratio (Re) 
0.62 
0.42 
0.64 
0.48 
0.46 
0.52 
Circularity 
Ratio (Re) 
0.62 
0.34 
0.68 
0.50 
0.45 
0.46 
Form 
Factor 
(RO 
0.30 
0.14 
0.32 
0.18 
0.17 
0.21 
0.80 • 
0.70 I 
S 0.60 
•D 
« 0.50 
o 
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Circularity Ratio 
- Form Factor 
Fig.4.4: Plot showing shape parameters of different drainage micro-watersheds 
Toposheet and ASTER 
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the values suggest elongated shape of all the micro-watersheds, whereas Chhorba 
micro-watershed is least elongated. 
b) Circularity Ratio (Re) 
Miller (1953) defined circulatory ratio as the ratio of basin area, where basin area 
(Au) to the area of a circle (Ac) having the same perimeter as the basin. Re is 
dimensionless and express the degree of circularity of the basin. Re can be 
determined by the formula: 
Where, 
Au: Basin Area (Km )^ 
P : Perimeter of the Basin (Km) 
In the present study. Re values ranges from 0.34 to 0.68. The highest value of 
Re (0.68) lies in Chhorba micro-watershed, while the next higher value of 0.62 
determined in Rudarpur micro- watershed, clearly indicates homogenous geological 
material. The least Re value (0.34) in Dobri micro-watershed indicates that the area is 
characterized by high to moderate relief and structurally controlled drainage system. 
c) Form Factor (RJ) 
Quantitative expression of drainage basin outline form was made by Horton (1932) 
through form factor, which is defined as the ratio of basin area to the square of basin 
length. Form factor can be determined by the formula: 
Rf=-Au/Lb-
Where, 
Au: Basin Area (Km^) 
Lb: Maximum Basin Length (Km) 
Long and narrow basins have large Lb and thus small form factor. Circular basin 
have intermediate form factor (close to 1) while short, wide basin have large value. 
From Table-4.3 it is observed that the Rf varies from 0.14 to 0.32 in all the six micro-
watersheds. Dobri micro-watershed has the lowest value since it is long and narrow 
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while Chhorba micro-watershed has the maximum value since it has small value of 
Lb. 
4.3.3. Drainage Density (Dd) 
An important indicator of the linear scale of land form element in stream eroded 
topography is drainage density was introduced by Horton, (1932). It is define as the 
total length of stream of all order per drainage area and may be an expression of the 
closeness of spacing of channels, which can be determined by the formula: 
Where, 
^Lu: Total Channel segments length cumulated from each other (Km) 
Au: Basin Area (Km )^ 
High drainage densities usually reduce the discharge in any single stream 
more evenly distributing runoff and speeding runoff into secondary and tertiary 
streams. Areas with high drainage density indicate that it takes water to drain a 
primary stream and time to arrive at secondary streams. The low drainage density 
and intense rainfall events are more likely to result in high discharge to a few streams 
and therefore a greater likelihood of "flashy" discharge and flooding in humid areas 
of low drainage densities (such as 3-4 miles per square mile) suggest resistant 
bedrock in humid areas, whereas high drainage densities (such as hundreds of miles 
per sq. mile) suggest highly erodable surficial materials. 
In general low drainage density is favored in regions of highly permeable 
subsoil material under dense vegetation cover where relief is low. High drainage 
density is favored in regions of weak or impermeable subsurface materials, sparse 
vegetation and mountain relief (Chow, 1964). The low drainage density is also 
indicative of relatively long overland flow of surface water. 
Langbein (1947) recognized the significance of D as a factor determining the 
time of travel by water. He also suggested a drainage density varying between 0.55 
and 2.09 km/km in humid region with an average density of 1.03 km/km . 
The drainage density in the study area varies between 0.68 and 1.52 km/km 
as inferred from toposheet whereas from ASTER image it varies between 1.13 and 
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1.69 km/km (Table-4.4). Minimum value of drainage density obtained in Jagatpur 
micro- watershed from ASTER data and second minimum value from toposheet. It 
appears reasonably that the region has highly permeable subsurface and dense 
vegetation cover. 
4.3.4. Stream Frequency (Fs) 
Horton (1932) defined stream frequency as the number of stream segment per unit 
area and can be determined by the formula: 
FS = ZNU/AU 
Where, 
Nu: Total number of streams in the Basin 
Au: Basin Area (Km^) 
The present study indicates that the Fs values ranges from 0.82 to 3.34 from 
Toposheet data and 3.22 to 4.08 from ASTER data. ASTER data do not show any 
correlation with drainage density (Table-4.4), while the values obtained from the 
Toposheet clearly indicate that it is possible to construct drainage basin having the 
same drainage density but different stream frequency. Rudarpur and Dobri micro-
watersheds have same drainage density and variable stream frequency. However both 
the data set gives the highest value of Fs in Dobri micro-watershed. The highest 
stream frequency noted in Dobri micro-watershed (Table-4.4) in the upper reaches 
attest to the existence at resistant but dissected bed rock in the lower zone of Sitla Rao 
river. 
4.3.5. Infiltration Number (If) 
Infiltration number plays a significant role in observing the infiltration characters of a 
basin. It is expressed as a product of the drainage density and stream frequency. 
Mathematically infiltration number can be defined as: 
If=DXFs 
Where, 
D: Drainage Density 
Fs: Stream Frequency 
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Fig.4.5.a: Log-log plot of Drainage Density Vs Stream Frequency (Toposheet) 
Fig.4.5,b: Log-log plot of Drainage Density Vs Stream Frequency (ASTER) 
The higher values of the infiltration number in a watershed clearly indicate 
low infiltration and high runoff. Jagatpur micro-watershed has minimum value of 
infiltration number as obtained from ASTER data whereas second minimum value 
from toposheet, possibly due to the high infiltration in this micro-watershed attesting 
the permeability of underlying material. Further, maximum values of infiltration 
number from both the data set in the Dobri micro-watershed suggest the presence of 
impermeable bedrock, which is also in accordance with the presence of moderately 
dissected structural hill in this micro-water shed. 
4.3.6. Drainage Texture (Rt) 
According to Horton (1945), drainage texture is the total number of stream segments 
of all orders per perimeter. He recognized infiltration capacity as the single important 
factor which influence drainage texture and includes drainage density and stream 
frequency. Drainage texture can be determined by the formula: 
Rt = ZNufP 
Where, 
Nu: Stream Number 
P : Perimeter (Km) 
Smith, (1950) has classified drainage density into five different drainage 
textures. The Rt less than 2 indicates very coarse, between 2 and 4 is related to 
coarse, between 4 and 6 is moderate, between 6 and 8 is fine and greater than 8 is 
very fine drainage texture. 
The values obtain from toposheet ranges from 0.85 to 4.29, while that from 
ASTER ranges between 2.80 and 6.78. Both the data indicate moderate texture in 
Dobri micro-watershed. Value obtains from toposheet in Rudarpur micro-watershed 
is close to moderate texture whereas ASTER data suggest fine texture. Rest of the 
micro-watersheds comes under coarse texture suggesting massive and resistant bed 
rock in these micro-watersheds. 
4.3.7. Length of Overland Flow (Lg) 
Horton (1945) defined length of overland flow as the length of flow path, projected to 
the horizontal of non channel flow from point on the drainage divide to a point on the 
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adjacent stream channel. He further noted that Lg is one of the most important 
independent variable affecting both hydrologic and physiographic development of 
drainage basins. The length of overland flow is approximately equal to the half of the 
reciprocal of drainage density and can be determined by the formula: 
Lg=l/i2lLu/Au) 
Where, 
Au : Basin Area (Km )^ 
L : Length of the Basin 
Lg is the length of water over the ground before it gets concentrated indefinite 
stream channels (Horton, 1945). This factor basically relates inversely to the average 
slope of the channel and is quiet synonymous with the length of sheet flow to a large 
degree. Table 4.4 reveals that the values of Lg obtained from toposheet are less in 
Dobri and Chandpur micro-watersheds with high drainage density in these micro-
watersheds, whereas higher values obtained from ASTER in Rudarpur, Chhorba and 
Chandpur micro-watershed. The computed value of all 6 micro-watersheds varies 
from 0.32 - 0.73 from toposheet while 0.29 - 0.44 from ASTER. 
4.4. Relief Aspects of the Drainage Network and Contributing Slopes 
The relief aspects include maximum basin relief, relief ratio, relative relief and 
ruggedness number. The results of the analysis are given in Table-4.5. 
4.4.1. Maximum Basin Relief (H) 
Maximum basin relief is the elevation difference between basin mouth and the 
highest point on the basin perimeter. It is very important factor to obtain the potential 
energy of drainage system. The maximum basin relief values for all the micro-
watershed are determined and presented in Table- 4.5. 
4.4.2. Relief Ratio (Rh) 
When basin relief H is divided by the horizontal distance on which it is measured, 
results in a dimensionless ratio called relief ratio. Relief ratio measures the overall 
steepness of a drainage basin and is an indicator of the intensity of erosion process 
operating on the slope of a basin. 
Schumm, (1956) measured relief ratio as the ratio of maximum basin parallel 
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to the principal drainage line and is given by 
Rh = H / £ b _ , 
Where, 
H : Maximum Basin Relief 
Lbmax: Maximum Basin Length (Km) 
High value of relief ratio indicate steep slope and high relief while low 
values may indicate the presence of basement rock which are exposed in the form 
of small ridge and mount with lower degree of slope (GSI, 1981). Furthermore 
high values are characteristic of hill region and low values are characteristic of 
pediplain and valley. 
The Rh values (Table-4.5) in Chandpur micro-watershed suggest least 
slope are in order of 0.007 whereas in Dobri micro-watershed Rh in the order of 
0.085 suggest high relief and steep slope. 
4.4.3. Relative Relief (Rhp) 
This term was used by Melton (1957) and the relative relief is given by: 
Rhp = 100 H/P 
Where, 
H: Maximum Basin Relief 
P: Perimeter of the Basin (Km) 
The relative relief of different drainage micro-watersheds are determined 
and presented in Table-4.5 indicates that maximum relative relief in Abdullahpur 
micro-watershed and minimum in Rudarpur micro-watershed. 
4.4.4. Ruggedness Number (HD) 
It is the product of maximum basin relief H and drainage density D, where both 
parameters are in the same unit. Extreme high values of ruggedness number occur 
when both variables are large, particularly when slopes are not only steep but long 
as well (Strahler, 1958). Ruggedness numbers suggest steepness of slope and 
indicate structural complexity of a terrain. Mathematically ruggedness number can 
be determined by the formula: 
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Where, 
H: Maximum basin relief 
D: Drainage density 
The variable ruggedness number (Table-4.5) in the study area indicates 
variation in elevation in different micro-watersheds. The high values obtained 
from ASTER data then those from toposheet, but both are comparable. However, 
highest values of ruggedness number obtained from toposheet and ASTER in 
Dobri micro-watershed indicates highest relief of the micro-watershed. This 
micro-watershed also shows highest drainage density, expected in a mountainous 
region of tropical climate with high rainfall. 
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CHAPTER - V 
Comparative Study of 
Terrain Elements from 
Different DEMs 
Comparative Study of Terrain Elements from Different 
DEMs 
5.1. General Statement 
The landscape change and process-based studies in digital earth sciences require 
the excessive use of DEM (Kaab, 2002, Zomer, et al, 2002, Baily, et al., 2003, 
Suzen and Doyuran, 2004 a and b, Liu, et al., 2004) for geomorphological 
mapping, landslide susceptibility/hazard assessment, erosion susceptibility, glacier 
monitoring, etc., for quantitatively representation or to analyze the morphology or 
the landscape. The DEM not only provides the description about three-
dimensional surface and data foundation for impressive three-dimensional 
visualization of geographical data, but also sets the foundation for deriving other 
surface morphological parameters such as slope, aspect, curvature, slope profile 
and catchment areas. 
With growing popularity of GIS technology and convenient availability of 
digital elevation models (DEMs), the untapped potential of DEMs for surface 
processes studies has been widely recognized (Wharton, 1994). New methods and 
algorithms have been formulated by various workers to automate the procedure of 
terrain depiction (Hogg, et al., 1993; Guth, 1995; Desmet and Govers, 1996). 
DEMs are now commonly incorporated to delineate drainage networks and 
watershed boundaries to calculate slope characteristics and to produce flow paths 
of surface runoff for distributed hydrologic models (Moore, et al., 1992; Quinn, et 
al., 1992; Tarboton, et al., 1992; Wiche, et al., 1992). Comparative study of 
different DEM has been carried out by various workers to analyze the effect of 
resolution on terrain attributes (Lifeng and Youshui, 2005; Datta and Kirchner, 
2010). 
Contour maps are still main sources for construction of more detailed 
digital elevation models (Wise, 1998). Nowadays, contours can easily be obtained 
by digitizing elevation data from topographic maps. Furthermore, the capabilities 
of ASTER and SRTM data that provide DEMs of high resolution are very 
important for remote sensing and GIS users in various geological and 
geomorphological studies. The numerous methods of DEM generation from 
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satellite stereo images such as ASTER, SRTM and SPOT etc. and the accuracy of 
generated DEMs have been given by Goncalves and Oliveira, 2004; Tsakiri-Strati, 
et al., 2004; Pantelis, et al, 2004; Ulrich, et al, 2003. 
The morphological parameters viz; elevation, relief, slope and aspect have 
been arguably the most frequently utilized in GIS applications. The minimum 
elevation, maximum elevation, mean elevation, relief, slope, aspect and standard 
deviation of various geomorphological units of the study area obtained from 
ASTER-DEM, SRTM-DEM and the DEM derived from toposheet were 
compared. The present study is aimed to assess how these terrain parameters of 
various geomorphological units and micro-watersheds in the study area vary in 
relation to various DEMs of different resolutions. 
5.2. ASTER-DEM, SRTM-DEM and Toposheet-DEM based comparison of 
minimum, maximum, mean elevation and relief in meter of various 
geomorphological units 
The elevations (minimum, maximum and mean) and relief statistics of various 
geomorphological units have been generated from ASTER-DEM, SRTM-DEM 
and Toposheet-DEM (Appendix-5.1) and shown in Table-5.1and Fig.5.1.a, b, c 
and d. The ASTER-DEM has been shown as DEM-1, SRTM-DEM as DEM-2 and 
Toposheet-DEM as DEM-3 respectively. The elevation statistics (Table-5.1and 
Fig.5.1.a) generated from DEM-1, DEM-2 and DEM-3 depict that the minimum 
elevations encountered in the doon fan gravel dissected hill are 457.99, 512.15 
and 479.75 meter respectively whereas for doon fan gravel terrace the minimum 
elevations obtained from DEM-1, DEM-2 and DEM-3 are 427.18, 488.24 and 
477.16 meter respectively. The minimum elevations obtained for moderately 
dissected structural hill from DEM-1, DEM-2 and DEM-3 are 719.07, 838.57 and 
676.92 meter respectively. The minimum elevations for piedmont dissected slope 
are 408.07, 438.23 and 425.59 meter as obtained from DEM-1, DEM-2 and DEM-
3 respectively. The minimum elevation based on DEM-1, DEM-2 and DEM-3 for 
river terrace are 403.45, 460.70 and 439.91 meter respectively. Similarly for the 
sub recent fan terrace, the minimum elevations are 414.25, 458.69 and 446.34 
meter respectively as obtained from DEM-1, DEM-2 and DEM-3. 
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Further analysis (Table-5.1and Fig.S.l.b) shows that the maximum 
elevations obtained from DEM-1, DEM-2 and DEM-3 for doon fan gravel 
dissected hill are 973.23, 941.68 and 923.06 meter respectively whereas the 
maximum elevations incurred from DEM-1, DEM-2 and DEM-3 for doon fan 
gravel terrace are 1220.16, 1040.85 and 1045.58 meter respectively. The 
maximum elevations from DEM-1, DEM-2 and DEM-3 for moderately dissected 
structural hill are 2481.86, 2108.66 and 2095.77 meter respectively. The 
maximum elevations obtained from DEM-1, DEM-2 and DEM-3 for piedmont 
dissected slope are 431.35, 448.00 and 441.66 meter respectively. The maximum 
elevations from DEM-1, DEM-2 and DEM-3 for the river terrace are 650.69, 
612.40 and 708.26 meter respectively. Similarly, the maximum elevations 
obtained for sub recent fan terrace respectively from DEM-1, DEM-2 and DEM-3 
are 522.40, 517.89 and 502.49 meter. 
Further analysis (Table-5.1and Fig.5.1.c) shows that the mean elevations 
of doon fan gravel dissected hill encountered from DEM-1, DEM-2 and DEM-3 
are 611.18, 636.90 and 599.3 meter respectively. The mean elevations obtained 
from DEM-1, DEM-2 and DEM-3 for doon fan gravel terrace are 658.37, 666.95 
and 634.14 meter respectively. For moderately dissected structural hill the mean 
elevations obtained from DEM-1, DEM-2 and DEM-3 are 1468.88, 1477.70 and 
1234.39 meter respectively. The mean elevations obtained from DEM-1, DEM-2 
and DEM-3 for piedmont dissected slope are 418.20, 444.00 and 432.95 meter 
respectively. For the river terrace the mean elevations obtained from DEM-1, 
DEM-2 and DEM-3 are 459.07, 500.68 and 485.64 meter respectively. Similarly 
for the sub recent fan terrace the mean elevations obtained from DEM-1, DEM-2 
and DEM-3 are 456.11, 482.59 and 471.72 meter respectively. 
The analysis (Table-5.1and Fig.5.1.d) shows that the relief of the doon fan 
gravel dissected hill obtained from DEM-1, DEM-2 and DEM-3 are 515.23, 
515.23 and 443.3 meter respectively whereas relief obtained from DEM-1, DEM-
2 and DEM-3 for doon fan gravel ten-ace are 792.98, 552.60 and 568.42 meter 
respectively. For moderately dissected structural hill, relief obtained from DEM-1, 
DEM-2 and DEM-3 are 1762.00, 1270.08 and 1418.85 meter respectively and for 
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Fig. S.l.a: Minimum elevation (meter) of various geomorphological units 
obtained from ASTER-DEM, SRTM-DEM and Toposheet-DEM 
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Fig- S.l.b; Maximum elevation (meter) of various geomorphological units 
obtained from ASTER-DEM, SRTM-DEM and Toposheet-DEM 
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Mean Elevation 
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Fig. S.l.c: Mean elevation (meter) of various geomorphological units obtained 
from ASTER-DEM, SRTM-DEM and Toposheet-DEM 
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Fig. S.l.d: Relief (meter) of various geomorphological units obtained from 
ASTER-DEM, SRTM-DEM and Toposheet-DEM 
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piedmont dissected slope the relief obtained from DEM-1, DEM-2 and DEM-3 are 
23.28, 9.77 and 16.07 meter respectively. The relief obtained from DEM-1, 
DEM-2 and DEM-3 for river terrace are 247.24, 151.70 and 268.34 meter 
respectively, whereas for the sub recent fan terrace the relief obtained from DEM-
1, DEM-2 and DEM-3 are 108.15, 59.20 and 56.15 meter respectively. 
5.3. ASTER-DEM, SRTM-DEM and Toposheet-DEM based comparison of 
mean slope in degree of various geomorphological units 
The analysis of the slope statistics (Table-5.2 and Fig.5.2) generated from 
ASTER-DEM (DEM-1), SRTM-DEM (DEM-2) and Toposheet-DEM (DEM-3) 
(Appendix-5.2) reveal that the mean slope of the doon fan gravel dissected hill are 
13, 2 and 3 degree respectively. The mean slope obtained from DEM-1, DEM-2 
and DEM-3 for doon fan gravel terrace are 15, 3 and 5 degree respectively and for 
moderately dissected structural hill the mean slope obtained from DEM-1, DEM-2 
and DEM-3 are 36, 16 and 24 degree respectively. For piedmont dissected slope 
the mean slope obtained from DEM-1, DEM-2 and DEM-3 are 8, 1 and 1 degree 
respectively. For the river terrace the mean slope obtained from DEM-1, DEM-2 
and DEM-3 are 9, 0 and 1 degree respectively and for sub recent fan terrace the 
mean slope incurred from DEM-1, DEM-2 and DEM-3 are 8, 1 and 1 degree 
respectively. 
5.4. ASTER-DEM, SRTM-DEM and Toposlieet-DEM based comparison of 
mean aspect in degree of various geomorphological units 
The analysis of the aspect statistics (Table-5.3and Fig.5.3) generated from ASTER 
-DEM, SRTM-DEM and Toposheet-DEM (Appendix-5.3) reveal that the mean 
aspect of the doon fan gravel dissected hill obtained from DEM-1, DEM-2 and 
DEM-3 are 198, 240 and 245 degree respectively. Further analysis shows that the 
mean aspect obtained from DEM-1, DEM-2 and DEM-3 for doon fan gravel 
terrace are 200, 252 and 244 degree respectively. For moderately dissected 
structural hill the mean aspect obtained from DEM-1, DEM-2 and DEM-3 are 
210, 220 and 218 degree respectively. The mean aspect obtained from DEM-1, 
DEM-2 and DEM-3 for piedmont dissected slope are 174, 222 and 229 degree 
respectively and for river terrace the mean aspect obtained from DEM-1, DEM-2 
and DEM-3 are 187, 235 and 236 degree respectively. The mean aspect obtained 
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Table- 5.2: ASTER-DEM, SRTM-DEM and Toposheet-DEM based comparison 
of mean slope (degree) statistics of different geomorphological units 
Geomorphological Units 
Doon Fan Gravel Dissected Hill 
Doon Fan Gravel Terrace 
Moderately Dissected Structural Hill 
Piedmont Dissected Slope 
River Terrace 
Subrecent Fan Terrace 
Mean slope in degree 
ASTER-DEM 
13 
15 
36 
8 
9 
8 
SRTM-DEM 
2 
3 
16 
1 
0 
1 
Toposheet -DEM 
3 
5 
24 
1 
1 
1 
36 
34 
32 
30 
28 
26 
S 24 
i 22 
•S 20 
c 18 
a 14 
-2 12 
'" 10 
8 
6 
4 
2 
0 
Mean Slope 
Data Source 
• ASTER-DEM 
L I SRTM-DEM Toposheet-DE M 
Doon Fan Doon Fan Moderately Piedmont River Terrace Subrecent 
Gravel Gravel Dissected Dissected FanTen^ce 
Dissected Terrace Structural Slope 
Hill Hill 
Geomorphological Units 
Fig. 5.2: ASTER-DEM, SRTM-DEM and Toposheet-DEM based comparison 
of mean slope (degree) statistics of different geomorphological units 
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Table- 5.3: ASTER-DEM, SRTM-DEM and Toposheet-DEM based comparison 
of mean aspect (degree) statistics of different geomorphotogical units 
Geomorphological Units 
Doon Fan Gravel Dissected Hill 
Doon Fan Gravel Terrace 
Moderately Dissected Structural Hill 
Piedmont Dissected Slope 
River Terrace 
Subrecent Fan Terrace 
Mean aspect in degree 
ASTER-DEM 
198 
200 
210 
174 
187 
189 
SRTM-DEM 
240 
252 
220 
222 
235 
266 
Toposheet-DEM 
245 
244 
218 
229 
236 
262 
Mean Aspect 
300 
275 
250 
S 225 
i 200 
^ 175 
= 150 
t; 125 
a 100 
5 75 
50 
25 
Data Source 
• ASTER-DEM 
• SRTM-DEM 
Toposheet-DEM 
Doon Fan Doon Fan Moderately Piedmont River Subrecent 
Gravel Gravel Dissected Dissected Terrace Fan 
Dissected Terrace Structural Slope Terrace 
Hill Hill 
Geomorphological Units 
Fig. 5.3: ASTER-DEM, SRTM-DEM and Toposheet-DEM based comparison 
of mean aspect (degree) statistics of different geomorphological units 
/3 
from DEM-1, DEM-2 and DEM-3 for the sub recent fan terrace are 189, 266 and 
262 degree respectively. 
5.5. ASTER-DEM, SRTM-DEM and Toposheet-DEM based comparison of 
minimum, maximum, mean elevation and relief in meter of various 
micro-watersheds 
The elevations (minimum, maximum and mean) and relief statistics of various 
micro-watersheds generated from ASTER-DEM, SRTM-DEM and Toposheet-
DEM (Appendix-5.4) are depicted in Table-5.4 and Fig.5.4.a, b, c and d. The 
analysis (Table-5.4 and Fig.5.4.a) shows that the minimum elevation of Rudarpur 
micro-watershed obtained from DEM-1, DEM-2 and DEM-3 are 424.80, 453.15 
and 451.11 meter respectively. Further analysis shows that for Dobri micro-
watershed the minimum elevations obtained from DEM-1, DEM-2 and DEM-3 
are 412.61, 440.28 and 445.72 meter respectively. For Chhorba micro-watershed 
the minimum elevations obtained from DEM-1, DEM-2 and DEM-3 are 403.45, 
439.68 and 425.1 meter respectively. For Chandpur micro-watershed the 
minimum elevations obtained from DEM-1, DEM-2 and DEM-3 are 410.40, 
455.26 and 447.22 meter respectively. For the Jagatpur micro-watershed the 
minimum elevations obtained from DEM-1, DEM-2 and DEM-3 are 444.81, 
490.19 and 480.06 meter respectively. Similarly for the Abdullahpur micro-
watershed the minimum elevations obtained from DEM-1, DEM-2 and DEM-3 
are 518.66, 563.06 and 558.86 meter respectively. 
The analysis (Table-5.4 and Fig.5.4.b) shows that the maximum elevations 
of the Rudarpur micro watershed obtained from DEM-1, DEM-2 and DEM-3 are 
948.94, 897.37 and 883.24 respectively. Further analysis shows that for Dobri 
micro-watershed the maximum elevations obtained from DEM-1, DEM-2 and 
DEM-3 are 2481.86, 2201.31 and 2095.77 meter respectively. For Chhorba micro-
watershed the maximum elevations obtained from DEM-1, DEM-2 and DEM-3 
are 649.84, 657.67 and 628.42 meter respectively. For Jagatpur micro-watershed 
the maximum elevations obtained from DEM-1, DEM-2 and DEM-3 are 1161.21, 
1069.80 and 924.92 meter respectively. Similarly for the Abdullahpur micro-
watershed the maximum elevations obtained from DEM-1, DEM-2 and DEM-3 
are 1645.45, 1598.20 and 1267.36 meter respectively. 
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Fig. 5.4.a: Minimum elevation (meter) of various micro-watersheds obtained 
from ASTER-DEM, SRTM-DEM and Toposheet-DEM 
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Fig. 5.4.b: Maximum elevation (meter) of various micro-watersheds obtained 
from ASTER-DEM, SRTM-DEM and Toposheet-DEM 
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Fig. 5.4.c: Mean elevation (meter) of various micro-watersheds obtained from 
ASTER-DEM, SRTM-DEM and Toposheet-DEM 
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Fig. 5.4.d: Relief (meter) of various micro-watersheds obtained from ASTER-
DEM, SRTM-DEM and Toposheet-DEM 
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The analysis (Table-5.4 and Fig.5.4.c) shows that the reUef of Rudarpur 
micro-watershed obtained from DEM-1, DEM-2 and DEM-3 are 531.38, 553.63 
and 521.12 meter respectively. Further analysis shows that for Dobri micro-
watershed the mean elevations obtained from DEM-1, DEM-2 and DEM-3 are 
930.61, 937.58 and 835.65 meter respectively. For Chhorba micro-watershed the 
mean elevations obtained from DEM-1, DEM-2 and DEM-3 are 449.39, 478.39 
and 472.07 meter respectively. For Chandpur micro-watershed the mean 
elevations obtained from DEM-1, DEM-2 and DEM-3 are 522.35, 550.19 and 
529.76 meter respectively. For the Jagatpur micro-watershed the mean elevations 
obtained from DEM-1, DEM-2 and DEM-3 are 656.40, 678.16 and 643.78 meter 
respectively and for Abdullahpur micro-watershed the mean elevations obtained 
from DEM-1, DEM-2 and DEM-3 are 809.00, 828.41 and 828.41 meter 
respectively. 
The analysis (Table-5.4 and Fig.5.4.d) shows that the relief of Rudarpur 
micro-watershed obtained from DEM-1, DEM-2 and DEM-3 are 524.13, 444.22 
and 432.12 respectively. Further analysis shows that for Dobri micro-watershed 
the relief obtained from DEM-1, DEM-2 and DEM-3 are 2069.24, 1761.03 and 
1650.05 meter respectively. For Chhorba micro-watershed the relief obtained 
from DEM-1, DEM-2 and DEM-3 are 137.68, 108.88 and 107.20 meter 
respectively. For Chandpur micro-watershed the relief obtained from DEM-1, 
DEM-2 and DEM-3 are 239.43, 202.40 and 181.20 meter respectively. For the 
Jagatpur micro-watershed the minimum elevations obtained from DEM-1, DEM-2 
and DEM-3 are 716.39, 579.61 and 444.86 respectively and for Abdullahpur 
micro-watershed the relief obtained from DEM-1, DEM-2 and DEM-3 are 
1126.79, 1035.14 and 708.50 meter respectively. 
5.6. ASTER-DEM, SRTM-DEM and Toposheet-DEM based comparison of 
slope in degree of various micro-watersheds 
The result of the analysis (Table-5.5 and Fig.5.5) shows that the mean slope of 
Rudarpur micro-watershed obtained from DEM-1, DEM-2 and DEM-3 (Appendix 
-5.5) are 12, 3 and 2 degree respectively. Further analysis shows that for Dobri 
micro-watershed the maximum elevations obtained from DEM-1, DEM-2 and 
DEM-3 are 21, 11 and 11 degree respectively. The maximum elevations obtained 
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from DEM-1, DEM-2 and DEM-3 for Chhorba micro-watershed are 8, 1 and 1 
degree respectively. The maximum elevations obtained from DEM-1, DEM-2 and 
DEM-3 for Chandpur micro-watershed are 10, 2 and 1 degree respectively. For 
the Jagatpur micro-watershed the maximum elevations obtained from DEM-1, 
DEM-2 and DEM-3 are 12, 3 and 3 degree respectively and for Abdullahpur 
micro-watershed the maximum elevations obtained from DEM-1, DEM-2 and 
DEM-3 are 20, 10 and 7 degree respectively. 
5.7. ASTER-DEM, SRTM-DEM and Toposheet-DEM based comparison of 
aspect in degree of various micro-watersheds 
The analysis (Table-5.6 and Fig.5.6) shows that the mean slope of Rudarpur micro-
watershed obtained from DEM-1, DEM-2 and DEM-3 (Appendix-5.6) are 194, 
264 and 260 degree respectively. Further analysis shows that for Dobri micro-
watershed the maximum elevations obtained from DEM-1, DEM-2 and DEM-3 
are 206, 235 and 236 degree respectively. For Chhorba micro-watershed the 
maximum elevations obtained from DEM-1, DEM-2 and DEM-3 are 190, 243 and 
232 degree respectively. For Chandpur micro-watershed the maximum elevations 
obtained from DEM-1, DEM-2 and DEM-3 are 197, 243 and 251 degree 
respectively. For Jagatpur micro-watershed the maximum elevations obtained 
from DEM-1, DEM-2 and DEM-3 are 200, 237 and 238 degree respectively and 
for Abdullahpur micro-watershed the maximum elevations obtained from DEM-1, 
DEM-2 and DEM-3 are 189,196 and 214 degree respectively. 
Discussion of the results 
The digital elevation model (DEM), an important source of information, is usually 
used to express a topographic surface in three dimensions and to imitate essential 
natural geography. This study analyzed digital elevation data sources, their 
structure and by comparison of the statistics numerous terrain attributes can be 
extracted from different DEMs. The results show that DEM is a very effective tool 
for terrain analysis and many terrain attributes such as elevation, slope, aspect and 
relief etc. can be derived and displayed with both image and attribute databases 
with the help of GIS. 
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Table- 5.5: Slope (degree) of various micro-watersheds obtained from 
ASTER- DEM, SRTM-DEM and Toposheet-DEM 
Name of 
micro-
watersheds 
Rudarpur 
Dobri 
Chhorba 
Chandpur 
Jagatpur 
Abdullahpur 
Mean Slope in degree 
ASTER-DEM 
12 
21 
8 
10 
12 
20 
SRTM-DEM 
3 
11 
1 
2 
3 
10 
Toposheet -DEM 
2 
11 
1 
J 
3 
7 
Mean Slope 
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.5: Slope (degree) of various micro-watersheds obtained from ASTER-
DEM, SRTM-DEM and Toposheet-DEM 
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Table- 5.6: Aspect (degree) of various micro-watersheds obtained from 
ASTER-DEM, SRTM -DEM and Toposheet-DEM 
Name of micro-
watersheds 
Rudarpur 
Dobri 
Chhorba 
Chandpur 
Jagatpur 
AbduUahpur 
Mean Aspect in degree 
ASTER-DEM 
196 
206 
190 
197 
200 
189 
SRTM-DEIVl 
246 
235 
243 
243 
237 
196 
Toposheet -DEM 
260 
236 
232 
251 
238 
214 
Mean Aspect 
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Fig. 
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5.6: Aspect (degree) of various micro-watersheds obtained from ASTER-
DEM, SRTM-DEM and Toposheet-DEM 
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The elevation statistics (minimum, maximum and mean) (Table-5.1 and 
Fig.S.l.a, b, c), relief statistics (Table-5.1 and Fig.5.1.d), slope statistics Table-5.2 
and Fig.5.2 and aspect statistics (Table-5.3 and Fig.5.3) of various 
geomorphological units has been generated from ASTER-DEM, SRTM-DEM, 
and Toposheet-DEM. Furthermore, the elevation statistics (minimum, maximum 
and mean) (Table-5.4 and Fig.5.4.a, b, c), relief statistics (Table-5.4 and 
Fig.5.4.d), slope statistics Table-5.5 and Fig.5.5 and aspect statistics (Table-5.6 
and Fig.5.6) of various micro-watersheds has also been generated from ASTER-
DEM, SRTM-DEM and Toposheet-DEM. Moreover, to compare the different 
terrain attributes, extracted from different DEMs, statistical analysis of the terrain 
attributes was carried out. The analysis of the minimum elevation of different 
geomorphological units as well as the micro-watersheds in the study area suggest 
that the DEM-1 shows comparatively lesser elevation as compared to the DEM-2 
and DEM-3 in all the geomorphological units and the micro-watersheds. 
However, the difference in the minimum elevation among the various 
DEMs is more obvious in the highland areas such as moderately dissected hill as 
compare to the lowland areas. The analysis of the maximum elevation of different 
geomorphological units as well as the micro-watersheds show lesser elevation 
from DEM-1 as compared to the DEM-2 and DEM-3 in the entire 
geomorphological units and micro-watersheds. However, the difference in the 
minimum elevation among the various DEMs is more obvious in the highland 
areas such as moderately dissected hill as compared to the lowland areas. 
The analysis of the mean elevation of different geomorphological units and 
the micro-watersheds show that the difference in mean elevation among different 
DEMs such as DEM-1, DEM-2 and DEM-3. The difference in mean elevation of 
all the geomorphological units and the micro-watersheds is more obvious in the 
highland areas such as moderately dissected hill as compared to the lowland areas. 
Moreover; the relief difference among the studied DEMs is more obvious in the 
entire geomorphological units and micro-watersheds. The analysis of the slope 
statistics reveal that the mean slope of the DEM-1 is showing high value of the 
mean slope in all the geomorphological units and the micro-watersheds as 
compared to DEM-2 and DEM-3. The analysis of the aspect statistics reveal that 
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the mean aspect show lower value in DEM-1 in all geomorphological units and 
the micro-watersheds as compare to DEM-2 and DEM-3. Furthermore, DEM-2 
and DEIVI-3 show lesser difference in the aspect direction. The study reveals that 
the DEM resolution has a great influence on terrain attributes as the statistical 
values become larger when DEM resolution changes from coarser to fine. 
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Summary and 
Conclusion 
SUMMARY AND CONCLUSION 
One of the potential, yet underdeveloped applications of digital remote 
sensing data is for geomorphological study and landscape interpretation. Digital 
elevation and remote sensing data sets contain different, but complementary 
information related to geomorphological and geological features. Digital elevation 
models (DEMs) represent the topographic information of land surface whereas 
remote sensing data record the reflectance/emittance of different features or spectral 
characteristics of surfaces. Computer analysis of integrated digital data sets can be 
exploited for geomorphological classification and geological studies using automated 
methods developed in the remote sensing community. The landscape change and 
process-based studies in digital earth sciences require the excessive use of DEM as 
DEM not only provides the description about three-dimensional surface and data 
foundation for impressive three-dimensional visualization of geographical data but 
also sets the foundation for deriving other surface morphological parameters such as 
elevations, slope, aspect, curvature, slope profile and catchment areas. 
The present study focuses on the mapping of lithological and 
geomorphological units, structural elements and morphometric analysis of Sitla Rao 
watershed using remote sensing data. The identification and classification of 
landforms is carried out on the basis of overall appearance (morphography), 
shape/surface geology (morphometry), relief forming processes and association of 
forms. The study focuses on the comparison of certain terrain attributes such as 
elevation, slope and aspect obtained from the DEMs generated from toposheet, 
SRTM and ASTER. 
The intermontane basins of Himalayas are very important areas for 
morphotectonic studies. Different phases of Himalayan upheaval, neotectonic 
movements are very well imprinted in the landforms, developed by denudational and 
tectonic processes. The importance of the analysis of geological and 
geomorphological features of such intermontane basins increases particularly when 
they are located between active faults and thrust and intersected by transverse 
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lineaments. The Doon valley is one such synclinal depression between Lesser 
Himalayan mountain in north and Sub-Himalayan Siwalik in south. The geological 
studies of the Lesser Himalayas appear to be peculiar and unique because of close 
associations of Tertiary and Pre-Tertiary rocks at a short distance. Proterozoic to 
Lower Cambrian rocks of Lesser Himalaya are separated from the Cenozoic Siwalik 
Group and Doon gravels by the Main Boundary Thrust. This NE dipping tectonic 
feature, brings Krol Group of rocks to override the Siwalik. In the study area, Middle 
Siwalik is dominated by friable grey colored sandstone and Upper Siwalik is 
represented by Boulder Conglomerate Formation dominated by the Pre-Tertiary clast 
derived from the Lesser Himalaya. Phyllite and quartzite belonging to the Krol Group 
override Upper Siwalik boulder bed near Koti Nadi, Chandpur. Aliened parallel to the 
general trend of Himalaya, the study area forms an intermontane valley, the bottom of 
which is filled with the thick colluvial deposit of numerous short, shallow and 
bouldery streams, brought from overlooking hill slopes. In central part, the Siwaliks 
are completely masked by ~300m of thick Doon gravel whereas the Upper and 
Middle Siwalik Formations are exposed in the southern slope with gentle dips. Doon 
gravel mainly consists of thick soil, boulder and pebble interbedded with clay 
categorized into Unit A, B and C on the basis of lithology and structural framework. 
Sub-montane soils of the region are derived from sandstone and shales. Unit-A 
characterized by poorly consolidated gravel bed with sub-angular to sub-rounded, 
granular to pebble size clast, embedded in fine grained matrix and interlayered with 
sand and mudstone. Lithologically Unit-B is characterized by unconsolidated poorly 
sorted clast, supported massive gravel with predominance of rounded to sub-rounded 
boulders and pebbles predominantly of quartzite together with sandstone and phyllite. 
Younger fan surfaces, composed of poorly sorted, angular to sub-angular granule and 
pebbles, interspread with large pebbles and occasionally boulders supported by finer 
clast is categorized as Unit-C. 
The role of geomorphological studies is of great significance in the 
classification and evolution of various landforms developed in a basin. Based on the 
image characteristic and terrain features of different landforms, hills, piedmont. 
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valleys, side slope and alluvial plain are delineated. The results showed that the 
watershed is occupied with diverse terrain characteristic in north and alluvial plain in 
south with sloppy terrain. Further study shows that river terrace deposits occurring as 
an isolated patch while doon fan gravel terrace are found in the central area along the 
river. These river terraces are composed of gravels, pebbles, boulders, sand, clay and 
rock fragments and formed by erosional work of streams flowing down from the 
Lesser Himalaya. The southern slope of Lesser Himalaya is characterized by a 
number of alluvial fans forming low lying doon fan gravel dissected hills having 
variable slope. On either side of the Asan River sub recent fan terraces are very much 
conspicuous and maintain a bit higher elevation from valley floor of recent alluvium. 
This unit is of sub-recent in age and comprises boulders, gravels, pebbles, sand and 
clay. Moderately dissected structural hills are found in Lesser Himalayan region in 
northern portion of the study area. The upliftment along the MBT reoriented drainage 
ridge lines show development of steeper slopes in the north. Presence of compact, 
massive, medium to coarse grained friable sandstone favors moderate dissection in 
this zone. The piedmont zone extends from the Siwalik water divide in the south and 
extends up to synclinal axis of the Doon valley in the north. The piedmont zone 
mainly consists of the assemblages of boulder, gravel, clay and pebbles. In the study 
area, river terraces are relicts of former flood plain levels that have undergone cyclic 
uplift and subsequent erosion. The sediment matrix of terrace consists of clay, silt, 
sand, gravel, pebbles and boulders. Since the river in the study area flow through 
unconsolidated materials like boulders, pebbles, sand, silt and clay, results in the 
development of channel bars, which is the youngest geomorphological unit, located 
around the rivers viz; Asan, Sitia Rao, Mauti Nadi, Koti Nadi, Gauna Nadi and Chor 
Khala. 
The supervised digital classification of ASTER image for various 
landuse/landcover categories shows that doon gravel (Unit A-C) geomorphologically 
represented by sub recent fan terrace, river terrace, piedmont dissected slope. Doon 
fan gravel terrace is completely occupied by the population and is extensively 
cultivated whereas Doon valley is covered by doon fans which have long slopes 
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having urban and agriculture land use. The doon fans have patches of forest, 
indicating original ecological conditions modified by human settlements. Moderately 
dissected hill and some part of doon fan gravel terrace which represent doon graveJ 
belongs to Middle and Upper Siwalik, covered thick vegetation and occupied by 
dense and moderately dense forest. The rugged terrain at slightly higher level and 
Lesser Himalaya representing moderately dissected structural hills which are either 
rocky land or covered by dense forest. Unlike Siwalik Hills, Lesser Himalayan 
dissected hill have steeper slope and higher relief characterized by rocky barren land. 
The various types of drainage patterns observed in the study area having 
profound control of bedrock geology. In the Lesser Himalayan parts which have 
heterogeneous bedrock, the pattern tends to be dendritic to sub-dendritic, whereas in 
homogeneous lithology with gentle slope, the drainage pattern is parallel. Dendro-
trellis to trellis pattern is also observed in some areas which indicate parallel faults or 
lineaments. Digital elevation model of Sitla Rao watershed indicates the upJiftment of 
watershed in the northern region, resulted in the reorientation and modification of 
structural and drainage elements of the watershed. The present study reveals that 
second order stream joins to form one third order streams and no fourth order stream 
is found in Jagatpur and Abdullahpur micro-watersheds, unlike other micro-
watersheds calculated from the ASTER data, shows that some geological factors 
prevent to join lower order streams which form higher order stream. The Rb value 
ranges between 3.16 and 6.14 which are slightly higher than the range (3-5) indicates 
the possibilities of geological control over drainage pattern. Further, high Rb values 
obtained from ASTER as compared to that of toposheet gives better idea regarding 
geological disturbance in the study area. 
UsuaUy micro-watersheds foJJow the general trend of maximum totai length 
of stream segment for first order, which decreases in length with the increase of 
stream order. However, stream lengths obtained from toposheet for Rudarpur micro-
watershed do not follow this trend which may be due to moderately steep slope, flow 
of stream from high altitude, change in lithology and probable uplift across the micro-
watershed. 
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The mean stream length values indicates that Rudarpur, Jagatpur and 
Abdullahpur micro-watersheds have variation in second and third order stream, 
obtained from toposheet, while the ASTER data show variation in third and fourth 
order streams in Chhorba micro-watershed and second and third order stream 
segment in Abdullahpur micro- watershed. Both the data show variation in 
Abdullahpur micro-watershed, clearly indicates variation in topographic elevation 
and slope of this micro-watershed. This is also in accordance with the stream length 
values which indicate same variation in topography and youthful stage of geomorphic 
development. ASTER data show stream length ratio high in almost all the micro-
watersheds, indicating their upstream location where the rocks are highly competent 
and impermeable. 
Out of the total area 183 km^ of the Sitla Rao watershed, Rudarpur micro-
watershed occupies the maximum whereas Abdullahpur micro-watershed occupies 
minimum. Low values of elongation ratio in Dobri, Chandpur and Jagatpur micro-
watersheds indicate elongated shape and tectonic control on the stream development. 
Although all the micro-watersheds are of elongated shape except Chhorba micro-
watershed which is less elongated. The high value of circularity ratio in Chhorba and 
Rudarpur micro-watershed indicates homogenous geological material, whereas least 
value of circularity ratio in Dobri micro-watershed indicates high to moderate relief 
and structurally controlled drainage system. Further, Dobri micro-watershed has the 
lowest values of form factor, since it is long and narrow while Chhorba micro-
watershed has the maximum value since it is least elongated. The drainage density in 
the study area is low and varies between 0.68 and 1.52 km/km^ (toposheet) and 
between 1.13 and 1.69 km/km^ (ASTER). Jagatpur micro-watershed has minimum 
drainage density value obtained from ASTER data and second minimum value from 
toposheet, suggests that the region has highly permeable subsurface and dense 
vegetation cover with low relief The higher values obtained from ASTER data 
suggest increase in dissection over time which is possibly due to anthropogenic 
activities. The highest stream frequency in the Dobri micro-watershed of the upper 
reaches attest to the existence at resistant but dissected bed rock in the lower zone of 
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Asan river. Jagatpur micro-watershed has minimum values of infiltration number 
obtained from ASTER data and second minimum value from toposheet, indicates 
infiltration in the micro-watershed, attesting to permeability of underlying material. 
The maximum infiltration number obtained from both the data in Dobri micro-
watershed, indicate the presence of impermeable bedrock which is also in accordance 
with the presence of moderately dissected structural hill in this micro-watershed. The 
Rudarpur micro-watershed shows moderate drainage texture whereas other micro-
watersheds show coarse drainage texture, suggesting massive and resistant bed rock 
in these micro-watersheds. However both the data indicate moderate texture in Dobri 
micro-watershed. The length of overland flow from toposheet in Dobri and Chandpur 
micro-watersheds possibly suggest high drainage density in these micro-watersheds 
as compare to ASTER whereas higher values are obtained in Rudarpur, Chhorba and 
Chandpur micro-watersheds. 
The relief ratio suggests least slope in Chandpur micro-watershed due to its 
location in valley floor whereas high relief in Dobri micro-watershed suggest steep 
slope in this micro-watershed. Further high values of relief ratio are characteristic of 
hill region and low values are characteristic of pediplain and valley. The variable 
ruggedness number indicates variation in elevation in different micro-watersheds. The 
values obtained from ASTER data are higher than that obtained form toposheet but 
are comparable. However, in both toposheet and ASTER indicates highest relief in 
Dobri micro-watershed. Dobri micro-watershed also has highest drainage density, as 
such high values are expected in mountainous region of tropical climate with high 
rainfall. 
Among the morphological parameters elevation, relief, slope and aspect have 
been arguably the most frequently utilized in GIS applications. In the present study 
comparison of the minimum elevation, maximum elevation, mean elevation, relief, 
slope, aspect and standard deviation of various geomorphological units and different 
micro-watersheds obtained from ASTER-DEM, SRTM-DEM and DEM derived from 
the toposheet were compared. The comparative study show that moderately dissected 
structural hill has the highest elevation and relief while the piedmont dissected slope 
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has the lowest elevation in all the cases of DEMs. Steep slope is being encountered in 
moderately dissected structural hill (geomorphological unit) and lowest in piedmont 
dissected slope. Further analysis shows that the aspect values obtained from SRTM-
DEM and Toposheet-DEM are almost same for every geomorphological unit in all 
the micro-watershed. Elevation and relief analysis showed that the Dobri micro-
watershed has the highest value of these parameters in all the cases of DEMs. 
However mean elevation, slope and relief are lowest in Chhorba micro-watershed 
where piedmont dissected slope is found. 
The present work gives a detail idea about the geological and 
geomorphological condition of Sitla Rao watershed and its effect on the 
landuse/landcover pattern. Complexity of terrain is clearly brought out through the 
investigation and particular landuse/landcover categories are identified for each 
geomorphological unit. Complete morphometric and DEM analysis of different 
micro-watersheds suggest that Dobri micro-watershed is characterized by hilly terrain 
and mountainous region. The study also reveals that the region is occupied by 
moderately dissected structural hill of Lesser Himalaya due to which the region is 
either barren or occupied by forest where the soil had chance to develop. No landuse 
category is identified in the region. The mean elevation and relief of the Dobri micro-
watershed is the highest among all the micro-watersheds as moderately dissected 
structural hill which falls in this micro-watershed shows the highest mean elevation 
and relief 
The study also reveals that the analysis of terrain features by remote sensing 
and GIS is affected by the resolution of digital elevation model. In most rugged 
terrain of moderately dissected structural hill which falls in Dobri micro-watershed 
and elevated doon fan gravel dissected hill which mainly occupies Abdullahpur 
micro-watershed, the terrain features are more clearly visible in statistical analysis of 
ASTER-DEM than other low resolution DEM. This demonstrates that as resolution 
becomes finer, more accurate and variable results are obtain than that given by a 
coarser resolution. Since the region is tectonically active, the study gives a data base 
for the landuse planning and management. 
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Photograph-1: Doon Gravel Unit B and C near Sitla Rao 
Photograph-2: Doon Gravel Unit C near Koti Nadi 
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Photograph-3: Doon Gravel Unit B and C near Mauti and Koti Nadi 
Photograph- 4: Sandstone-Mudstone, Siwalik near Raj K Inter College, Langha 
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Photograph-5- Asan River Channel 
Photograph-6: Compound Landforms,Langha 
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Photograph-7- Doon Fan Gravel Dissected Hill, Dobri Reserve Forest 
Photograph-8 Doon Fan Grave! Dissected Hill and Doon Fan Gravel Terrace, 
Dobri Reserve Forest 
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Photograph-9: Doon Fan Gravel Terrace near Jaussawala Village 
Photograph-10: Junction of Asan and Sitla Rao River 
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Photograph-11: Channel Bar in Asan River 
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Photograph-12: Origin point of Mauti and Koti Nadi near Chhorba 
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Photograph-] 3: Origin point of Gauna and Koti Nadi 
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4§itla Rao River Bed 
Photograph-14: River Terrace near Sitla Rao Bridge 
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Photogiaph-15: Sub Recent Fan Terrace near Sitla Rao River 
Photograph-16: GaunaNadi near spring, Langha 
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Photograph-17: Dense Forest near Chhorba / Kedarwala 
Photograph-18: Dense Forest near Chandpur 
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Photograph-19: Dobri Reserve Forest 
Photograph-20: Standing Crop near Jassuwala 
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Photograph-2 
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Photograph-22: Fallow Land near Jassuwala 
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Photograph-23: Moderately Dense Forest near Sitla Rao 
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'hotograph-24: Moderately Dense Forest near Dobri 
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Photograph-25: Plantation near Jassuwala 
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Photograph-26: Barren Land, near Sitla Rao 
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Photograph-27: Rudarpur Reserve Forest 
Photograph-28: Standing Crop near Sitia Rao River 
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